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In the year 1883 a legacy of eighty thousand 
President and Fellows of Yale College in the city c 
in trust, as a gift from her children, in memoi 
honored mother, Mrs. Hepsa Ely Silliman. 

On this foundation Yale College was requested 
an annual course of lectures designed to illustrati 
idence, the wisdom and goodness of God, as manii 
moral world. These were to be designated as the 
Memorial Lectures. It was the belief of the U 
presentation of the facts of nature or history cc 
this foundation more effectively than any attempt 1 
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PREFATORY ^ 

Tlie present book commemorates the oi 
of the founding of the American Journg 
Silliman in July, 1818. The opening c 
detailed account of the early days of tl 
of its subsequent history. The remain 
to the principal branches of science wl 
in the pages of the Journal. They h 
view to showing in each case the positi 
and the general progress made durh 
prominence is given to American scienc 
contributions to it to be found in the 
ences to specific papers in the Journal i 
in the text and give simply volume, pa 
1833) : when these and other ref ere: 
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THE AMERICAN JOTJRNA 
FROM 1818 TO 

By EDWARD S. X 

Introduction. 

I N July, 1818 , one hundred years 
of the American Journal of S 
given to the public. This i 
periodical in this country to maini 
existence since that early date, anc 

■xxriiTi mnvA Hat: 
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combined the greatest devel 
science with the most extra 
It was not until this centur 
used to their full extent the 
and experiment. In cases 1 
have given us first, a tentat; 
the testing and correcting 
acquired data, an accepted 
finally, by the same meat 
established one of nature’s : 

Early Science . — Looking 
seems surprising that scier 
growth, but the wonderful ] 
monuments he erected ai 
shows that the working of t' 
sion first in art and furth( 
ture. So far as man’s tb 
early results were systems 
tions of the order of things 
shown by nature herself. 
science with the Greeks, bu 
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science existing in the earlj civiliza 
it higher than we can at present, b 
prove even then to have been develc 
the philosophies of the Greeks, : 
inflnence from nature herself. It 
that clown to the time with which we 
corned, it was the branches of math( 
and geometry and later their applie 
and most fully developed : in other 
sckiiice least closely connected with ; 

Of the importance to science of 
Alexandria in the second and third 
can be no question. The geometry 
B. C.) was mai’velous in its comple 
of logical method. Hipparchus ({ 
gave the world the elements of trij 
o])ed asi ronomy so that Ptolemy 2fi( 
to construct a system that was well 
error in the fundamental idea as tc 
of the earth. It is interest.ing to ni 
of Ptoh'iiiy was thought worthy of 

/ 1,1 /I 
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but bis work on natn 
seven volnmes, is bai 
fable, fact, and fancy, 
tion of anecdotes. 13 
geological event of aiit 
which is vividly descr 
Pliny, in “one of the 
tions in the domain of 
_ With the fall of Ro: 
Uization came a peri( 
which the world did no 
ing in the fifteenth ai 
extension of geograph 
with the development c 
new science. Coperni 
last a sun-controlled £ 
formulated the laws gc 
Galileo (1564-1642) vi 
vistas of astronomica' 
tions of mechanics ; wt 
painter, sculptor, arch 
scientist, studied the ' 
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ena of heat and their applications, a 
of Watt, were known and even the tr 
been almost established by onr conr 
ford; but of electricity there were 
knowledge. Chemistry had had i 
laid by Priestley, Lavoisier, and Dj 
was pushing rapidly forward. G 
roots down, chiefly through the ^ 
William Smith, though the earth v 
an unexplored field. Systematic zo' 
been firmly grounded by Buffon, La: 
the one hand, and Linnseus on the ot 
embraced under the biology of tb 
nineteenth century the world knew 
ments of Silliman in his Introduc 
first number, quoted in part on a 
the matter still more fully, but they 
enthusiasm of the time and he conic 
prehension of what was to be the r 
hundred years. 

Now, leaving this hasty and incor 
coming down to 1918, we find the co; 

-J 0-1 O ... * .1..., 
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the imagination has been ] 
the conquest of the air ; wl 
marine is as wonderful as ii 

Hardly less marvelous is 
space and time in the ele 
thought and speech by wire 
stm further, the same elec 
his artificial illumination s 
ways besides. 

But the limitations of sp 
during the same period, by 
a knowledge of the materi 
fi3;ed stars and of their mol 
spectrum analysis has re\ 
new elements and opened 
matter. 

The chemist and the phy 
in the investigation of the 
two departments, have acc 
of new facts from which tl 
have been deduced. Many 
covered, in fact nearly all c 
the so-called fixed gases ha 

j. ^ 
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In geology, vast progress has 
knowledge of the earth, not only as 
exhibited at or near ithe surface, but 
in past ages, of the development 
minute history of its life, the phei 
quakes, volcanoes, etc. Geological si 
countries have been carried to a 
feetion. 

In biology, itself a word whi 
Lamarck did not come into use till 
and then by Herbert Spencer in tb 
tury, the progress is no less remarb 
oped in a later chapter of this volum 

Although not falling within our 
wrong, too, not to recognize also ths 
especially through the knowledge ( 
functions, and of disease germs and 
bating them. The world can neve 
owes to Pasteur and Lister and mai 
in this field. 

To follow out this subject further 
upon the field of the chapters i 
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in geography, man’s energ 
the reproach of a “Dark 
central Asia and the once 
so in the different departn 
np many unknown fields a 
knowledge. It might eve] 
unknown were being appr 
ever, this difference in th 
fundamental relations — as 
gravitation, of matter, o 
actual nature and source 
and other similar problems 
the result of continued res 
diet, but even with these 
hardly rash to say that so 
pure and applied science 
years is not likely to be ag 

Scientific JPeriodic 

The contrast in scienti: 
1918 is nowhere more s 
amount of scientific peri 

■nAT*inHlsi O-p fliA +Ti Allan 
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Flomico, Accademia del Cime: 
ltu;2. Ijondon, Royal Society. 

Ujdfi. Paris, Aeadcmie des Sciences. 
IdilO. Bologna, Accademia delle Seic 
170(1. Pxirlin, Socuetas Regia Scier 
I'orcruuncr of the K. i^reuss. Akad. d. "N 

The* Eoyal Society of Tjoiulon, •' 
from Kidf), though not definitely 
liogau lh(( ])uhlication of its “P! 
tion.s” in 1(1(15 and has continued ii 
to tlui presiviit tinie; this is a nniq- 
this, otlu'i' (‘arly — hut in naost ca 
])uhiications wore those of Paris ( 
Upsala (1720); Potrograd, 1728 
and (kipenhagon (1748). 

For tlu^ latt(*i- half of the eightec 
foundations of our niodorn scienc 
laid, a considerable list might be f 
lions of similar scientific bodies, f 
(UK'S an*: Clbttingcm (1750), Mu; 
(17(i<)), Prague (1775), Turin (178 
d’ho (‘arly ycnu’S of the nineteenth ( 
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The situation is somewh? 
scientific journals. A list c 
only to find an early death ^ 
interesting only historically 
but unsustained striving afi 

It seems worth while, hov 
of the periodicals embracb 
jects of the American Jou: 
early date and most of whi 
terrupted existence down t 
that certain medical journa 
had a long and continued e: 

Early Scieni 

1771-1823. JoTirnal de Phys 
times. 

1787-. Botanical Magazine. 
Journal.) 

1789-1816. Annales de Cliii] 
on as the Annales de Chimie ei 

1790. Journal der Physik, ] 
became the Amialen der Physi 
The title has been somewhat cl 
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30, Quarterly J. etc. 1830-31, Journal o 
of Great Britain. 

1818. American Journal of Science 
when ‘'the Arts’’ was dropped, New 
Series, 1-50, 1818-1845 ; Second Series, 1 
Series, 1-50, 1871-1895 ; Fourth Series, 
1818. Flora, or Allgemeine botanische 
Munich. 

1820-1867. London Journal of Artj 
1855, Newton’s Journal). 

1824-. Annales des sciences naturelles 
1826-. Linn^a, Berlin, Halle ; from 1 
d. K. botan. Gartens. 

1828-1840. Magazine of Natural His 
1838 with the Annals of Natural History, 
as the Annals and Magazine of Natural ] 
1828- Journal of the Franklin Instit 
1826; earlier (1825) the American Mecl 
1832-. Annalen der Chemie (und PI 
as Liebig’s Annalen. Leipzig, Lemgo. 

The Founder of the American J o 

The establishment of a scientific jo 
in 1818 was a pioneer undertakii 
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mind — ^to occupy the new. 
eralogy (aud later geol 
Haven. To fit himself 
carried on extensive stuc 
and spent the year 1805 
and Edinburgh, and als( 
duties began in 1806 and 
service of Yale College 
From the first, Silliman i 
teacher and public lecti 
science. His breadth of 
his chosen subjects and p 
bined with his fine preS' 
made him a great leader 
gave him a unique positi 
ment. 

Much might be said oi 
best tribute is that of Ji 
inaugural address upon 
duties as Silliman profe 
This was delivered on ] 
then known as the “( 
in part : 
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a, ^n*ea.t of laying tlic fou 

ahuost. out of riothing a departnLcnt not b' 
institution in Aiuorioa. 

Hi^ h(‘gan his work in 1806. The scien 
anti, too, without system, (^xeept such as 
4‘arli for hims(‘lf in. liis eoneept ions. It ^ 
lH‘giunings of g(H>l(vgy, when W(u-neriaiu 
arruyiai in a eont(‘st. . . . Prof(\ssor £ 
burgh witiunssed the strife, and while, i 
[) red ileet ions for the more peaceful 

tht‘st» soon yi(‘ld(Hl to tiie aceumulatiiig e^ 
lH‘eanu‘ combined in his mind in one In 
scieuci*, thus evolved, grew with him anc 
labors contributed to its extension. Eve 
c*x|)ansion and onward devc^lopnuad;, am 
opt'uing vi(‘ws fo\nui in him a ready and 

Ami whih* tin* sciences and truth ha 
lieiH% tiu’ougli tlu‘se labors of fifty y(‘a,rs, 
tln^ institution liave no less imumsiul. 
bushid of ston{‘S, whicli once went to Phi 
a taimih‘ box, you see above the la.rg('st 
iSHiutry, whi<*h but for Professor Sillim 
bis ptu*soual exertions together, would n 
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ing and carrying on of the Journo 
tion in regard to the enterprise was 
his friend, Colonel George Gibbs, fr 
Gibbs collection of minerals was be 
in 1825. Silliman says (25, 215, 18c 

“Col. Gibbs was the person who first 
the project of this Journal, and he urgec 
zeal and with such cogent arguments, as 
effort in a ease then viewed as of ver; 
subject was thus started in November, ' 
Journal were issued in January, 1818 
appeared in July of that year.” 

Ho adds further (50, p. iii, 1847) 
here recorded took place “on an { 
board the steamboat Fulton in I 
This was some ten ymars after Ec 
boat, the Clermont, made its pionec 
river, already alluded to. The in 
significance in this connection. T^ 
ton” was not an inappropriate plac 
of an enterprise also great in its r« 
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opens the first number, 
this in its original forr 
raphy. The first page o 
her has also been I'eproc 
the plan of the young e 
range of science and its ; 
music and the fine arts, 
it must be remembered 1 
lication open to contrib 
was unreasonably extern 
only as an expression of 
yet inexperienced in his 
the sciences were still in 

He says ( 1 , pp. v, vi) : 

“PLAN 

This Journal is intended 
ICAL SciBNOEs, -with their a] 
useful purpose. 

It is designed as a depos 
tions; but will contain als 
Journals, and notices of tl 
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Notices, Reviews, and Analyses of ne^ 
of new Inventions, and Specifications of 

Biographical and Obituary Notices of 
on Comparative Anatomy and Physioi 
such other branches of medicine as dep 
eiples ; 

Meteorological Registers, and Reports ( 
ments : and we would leave room also f oi 
ous things, not perhaps exactly include 
above heads. 

Communications are respectfully sc 
science, and from men versed in the prac 

Learned Societies are invited to make 
ally, the vehicle of their communicatior 

The editor will not hold himself respon 
and opinions advanced by his corresponc 
sider it as an allowed liberty to make si 
where errors may be presumed to haw 
tency . ^ ’ 

In the ^‘Advertisement” which 
statement in the first number, the e 
what naively that he “does not pled§ 
subjects shall be touched upon in ev( 
plainly impossible unless every ar 
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ous and important applie; 
common purposes of life. 

In every enlightened eo^ 
and knowledge, are ardei 
aries of natural science; 
discoveries is communiea 
medium of scientific jouri 
thus become generally evi 
they proclaim its toils an 
its intimate connection a 
intellectual and moral in 
often procure for it env; 

Mention is then ni 
England and France ir 
high and deserved rej 

From these sources our 
to reap, an abundant hai 
of science, as well as of df 
come the rays of both; n 
reject so rich an offering. 

But can we do nothing 

In a general diffusion o 
ous classes of society, in 
resource and invention, t 
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( 1 , p. 3, 1818), although ^‘hoth in 
Europe received in a very flatteri 
survive the death of its founder, g 
nme of 270 pages appeared (1810-; 
Silliman continues : 

No one, it is presumed, will doubt tl 
science, and embracing a sphere suffiei< 
to its support the principal scientific 
greatly needed; if cordially supporter 
and if successful, it will be a great pub 

Even a failure, in so good a cause, (ui 
incapacity or unfaithfulness,) cannot b 
able. It may prove only that the attei 
that our country is not yet ripe for sr 
without the efficient support of talent, 
it cannot long proceed. No editor car 
such a work without the active aid oi 
men; but, at the same time, the publi 
that he will not be sparing of his own 1 
shall be generally marked by the imprc 
this extent the editor cheerfully ackn 
to the public ; and it will be his endea^^ 
his pledge. 

Most of the periodical works of our 
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the practical arts; it thus poli 
everywhere demonstrates both su] 
and beneficence of design in the 

The science of niatliematics, b( 
cease to be interesting and imp 
relations of quantity shall exist, 
the ocean, as long as man shall 
of the earth on which he lives, 
examine the relations of the plai 
the iroiv reign of tear shall dema 
or the construction of complicate 

The closing part of the pai 
exerted upon the mind of the 
of the years preceding 1818, £ 
the close of this chapter. 

In February, 1822, with tl 
volume, the editor reviews 1 
encouraging is by no mean! 
(preface to vol. 4, dated Feb. 

Two years and a half have el 
the first volume of this Journal, 
since the Editor assumed the p6 

The work has not, even yet, 
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the subject, and by the favour of manj 
at home and abroad, and supported 
whom the Editor again tenders his gi 
he wdll still persevere, in the hope oi 
to the advancement of our science ar 
elevation of our national character. 

In tlie autumn of the same year 
fifth volume with a more confident 

A trial of four years has decided the 
Public will support this Journal. Its 
now such, that although not a lucrative 
ous enterprise. It is now also deeid 
resources of the country are sufficien 
supply of valuable original communic 
but perseverance and effort are necessj 
the undertaking. 

The decided and uniform expressior 
the Journal has received both at hom( 
Editor such encouragement, that he 
severe — and he now renews the expres 
friends and correspondents of the worl^ 
United States, requesting at the same ti 
friendlv influence and efforts. 
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prosecute this work without, 
adequate to its indispensabl 
pressure of professional and 
tions of health, and amids 
afiaietions. The world are us 
nature, when they have any 
duty; and in this view, it is 
adds, that he has now to lool 
retrospect, and with someth!: 
a powerful and vanquished 
field no longer contested. 

This Journal which, from 
original communications, is ; 
to such an extent, that it ma 
lished work ; its patronage is 
it will no longer justify sucb 
from the pen of one of th 
Europe. ‘ ‘ Nothing surprises 
ment which your Journal,” 
great interest, and of which 
in America — this must surel; 
condition of trade, and cannc 

Six years more of unini 

OTvf 
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seribers to be forgotten who, occupied ir 
of life, have aided, by their money, in su 
novelty of an American Journal of Sciei 
bation, sufficiently decided to encourage < 
no other reward, has supported the editoi 
inattentive to the voice of criticism, whet 
in the tones of candor and kindness, o] 
*We must not look to our friends for ti 
faults. He is unwise who neglects the n 

— fas est ab hoste doc 

and we may be sure, that those are q 
pleasure it is, to place faults in a strong 
and to throw excellencies into the sh; 
Minds at once enlightened and amiable, 
proper proportions, will however render 

Non ego paucis offendar n 

It is not pretended that this Journal ha 
may be communications in it which had I 
it is not doubted that the power to comr 
by suitable pecuniary reward, would a 
record of science, and to its richness, 
coveries in the arts. 

thA f'.ditnr. evon now. offers •na,vm( 
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in common with the journ? 
reference, indispensable to 
of American science during 
might not be too repulsive 
laneous pieces have occas; 
smaller proportion, than i 
distinguished British Jouri 
Still, the editor has beer 
and private, to make it n 
more acceptable to the int< 
does not cultivate science; 
great object, which was t 
American effort in science, 
returns, which by pursuin 
rendered important. Otlu 
thing that is not strictly a 
make this journal for mere 
in regard to those numerc 
although important to be 
sented, have always been 
can never exclusively occup 
repelling the majority of i 
If this is true even in G 
country; and our savants 
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forty-nine volumes preceding. In 
April 19, 1847) the elder Silliman, no 
reviews the work that had been ac 
frank expression of his feeling of sat 
tory won against great obstacles ; wi 
must sympathize. He quotes here 
slightly altered form) the matter fri 
(1818), which has been already 
entire, and then goes on as follows (p 

Such was the pledge which, on enteri: 
labors in 1818 , we gave to the public, an 
which we then entertained, regarding sc 
connected with the interests and honor c 
mankind. In the retrospect, we realize 
feeling of satisfaction, in having, to the 
discharged these self-imposed obligations 
tened also by a deep sense of gratitude, fi: 
power continued for so high a purpose ; 
band of contributors, whose labors are rec( 
of volumes, and in more than a quarter 
We need not conceal our conviction, tiu 
in these ‘ Untroduetory Remarks,’’ hav( 
by our fellow laborers. 
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1817 with 1847, we mark on this su 
The cultivators of science in the T 
now they are numerous. Societi( 
names, for the cultivation of nat 
tuted in very many of our cities a 
have been active and efficient in 
and forming collections. 

A summary follows presen 
growth of scientific societies i 
this country during the pe: 
striking contrast between 181^ 
organized effort toward seu 
cussed, as follows (pp. xvi et 

When we began our Journal, n 
surveyed in relation to its geolo^ 
those that have not been explore 
collections and a United States Mi 
ments to the young naturalist, as i 
the student of his own race. T1 
[Wilkes] with the National Insti 
with treasures rarely equalled in 
sonian Institution recently organ 
to beffin its labors for tho i-ncrAa? 
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made with good instruments, although, no 
has been erected for an Observatory. 

We only give single examples by way o: 
history of the progress of science in the 1 
institutions for its promotion, during the 
would demand a volume. It is enough i 
science is understood and valued, and t 
prosecuting it are known, and the time is at 
and intellectual use will be as obvious as 
tions. Nor is it to be forgotten that w 
European interest in our researches: gen^ 
illustrated by treasures of facts drawn fn 
our discoveries are eagerly sought for and 

While with our co-workers in many par 
we rejoice in this auspicious change, we ar( 
it to ourselves. Multiplied labors of many 
the great results. In the place which w 
have persevered despite of all discourager 
our numerous coadjutors, claim some shart 
day. We do not say that our work might 
done — ^but we may declare with truth thai 
our power, and it is something to have e:8 
effort and to have chronicled their deeds 
those that follow us labor with like zeal a 
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Editorial and financi 
Journal were carried 
twenty years from 181 
shown in Ms statements 
first beginning, persona 
cial side of the enterpr 
name of Benjamin Silli: 
the title page. He was 
year preceding and at 
years old. His aid wa 
from the beginning and 
experience. The elder 
preface to rol. 34 (183 
again in the preface tc 
torial situation is here ; 

'‘During twenty years f 
editor labored alone, altln 
tion bad been made to hii 
fidenee and esteem, and \ 
acceptable. It was, bow 
purpose and action so ess 
were best secured by indi 
and not without success, t( 
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name. Very early Asa Cray was o 
sional notes are signed by his initifll 
New Haven was another. Prof. J. Q 
sent numerous contributions even at 
9 , 154, 1825 ; 22, 192, 1832 ; 24, 342, 

Some statements have already be 
early volumes as to the business part 
prise. The subject is taken up more 
to volume 50 (1847). No one can f 
energy and optimism required to pi 
ward wdien conditions must have b 
encouragement so scanty. He says 

This Journal first appeared in July, IS 
the first volume of four numbers and 44S 
This scale of publication, originally deem« 
inadequate to receive all the communieati( 
proved insufficient to sustain the expenses 
three hundred and fifty subscribers, was, 
abandoned by the publishers. 

An unprofitable enterprise not being £ 
ten months elapsed before another arrang 
into effect, and, therefore. No. 1 of vol. 2 
April, 1820. The new arrangement was c 
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copies of previous volumes, 
to control the work entirely 
not willing to think of the la 
by public approbation, and 
eminent men both at home 
that the Journal was rende 
the arts, but to the reputa 
moreover, that in almost ev( 
in effort is necessary to sue( 
a new arrangement was ma 
being at liberty, at the end c 
to resume the Journal shoul 

The latter alternative he 
entire concern, including I 
duties, and of course, all 
Prom that time the work 1 
two volumes per annum h 
twenty years; and its peci 
although its means have ne^ 

Later in the same pref; 

It may be interesting to o 
patronage of the Journal, 
paying subscribers, and hj 
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the J ournal in 1818 , the Conner 
gave its support both in papers 
least on one occasion later it gave ; 
Upon the occasion of the celebr^ 
anniversary of the Academy on 
fessor, later Governor, Baldwinj 
Academy, discusses this subject ii 
in part: 

To support his [Silliman’s] undei 
passed in February [1818], ‘Hhattlie 
may allow such of the Academy’s pa] 
to be published in Mr. Silliman’s Sci 

Free use was made of this authorit; 
contents of the Journal was for mar 
source. In some eases this fact was ] 
in most it was not. . . . 

In 1826, when the Journal was in g; 
port, the Academy further voted to i 
printing such of its papers as migh1 
Baldwin’s Annals of Yale College, 
described as a publication ^'honoral 
common country,” and having ^^an 
adopted as the acknowledged organ of 
of Arts and Sciences.” 
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Sir 

The unlncky displacement 
the cause of delay in my ans 
withdrawn from subscribing 
tions from the love of rest -v 
subscribe to the journal you 
talent with which it will be 
among the things of select r( 
now left, be so good as to i 
the 1st number will be consii 
is commenced and the subse 
forwarded. Accept the asj 
respect. 

Professor Silliman, 

Contributors . — An inte 
by Silliman of the contri 
extent of their work (voL 

We find that there have b 
inal matter to the Journal, 
faction of believing that pr< 
living: for we are not certa 
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have been contributed by each individ 
included in this number some few ai 
foreign Journals — but we think they a: 
terbalanced by original communications 
editorial articles, both of which have b 
the enumeration. 

Of smaller articles and notices in the 
made any enumeration, but they evide 
than the regular articles, and we presun 
to at least 2500. 

Of party, either in politics or religi 
our work; of p^sonalities there are 
relate to priority of claims or other ri 
these vindications the number is not gre 
have wished that there had been no oec 

General Scope of Articles . — Ma 
found in the chapters following wl 
the character and scope of the pa 
J ournal, particularly in its early y( 
statements here may, however, prc 

One feature that is especially not 
publication of articles planned to ] 
ers of the Journal in full detail s 
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teclmical discussion of “Y 
the first number (1, pp. 9-35 
volume (pp. 176-199). An, 
by Mark Hopkins, A.M., “ 
lege” ( 13 , 217, 1828). The 
by J. Griseom (from the E 
ume 24 (pp. 342-345, 1833), ■ 
gypsies are added in vol. 2f 
ing rod” is described at h 
1826), but without giving a 
on the contrary the last pa: 
tensions of diviners are wo 
by J. Pinch on the forts 
in 1824 (8, 338-348) ; the 
worthy of quotation : 

“Many centuries hence, if 
within, should cause the repul 
fade, then these fortresses oug 
woxild be a constant reproacl 
period, they should be preser^ 
liberty.” 


The promise to include th 
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(6, .185, 1S2.I). The voyage of the 
hoat, ilio “Suvannali,” which cia 
to l/u'(‘rj)ool ill 1819, is described 
tiori is also iiiade of the “first iroi 
5, 1822). A immber of i 

“8(eain Navigation” are given ir 
222, 22)(); some of the snggestio: 
\'i('\vod in the light of the experiei 

A very early form of explosive 
li'iigth by Samnel Morey (11, 104,11 
that deseia'es mention in these dae 
Even more interesting is the descri 
wold (2, 94, 1820) of the first s't 
David Bnshnell and used in the 1 
August, 1770. An acconnt is alsi 
balloon that may he fairly regardec 
tor of Ihe yjeppelin (see 11, 246, 1; 
jeet of ai'rial navigation is treated 
(25, p]). 25, 26, 1824) and the expre 
tlu' future deserve quotation; 

“rmiveyjUK'o hy air can he easily 

WDjfiD* jhhI mere eliejin didI sn 
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results of Dr. Beaumont a: 
son, to whom samples we 
in the life of Beaumont 
1912). The interest of th 
is concerned, is chiefly b 
Professor Silliman as a 
examination were also su 
man’s results is given in 
to (see also 26, 193, 1834 
chemist of wider experier 
sent a sample through the 
Stockholm. After some n 
and it is interesting to n 
tion; it is to be regreth 
chemist failed to add ar 
obtained in this country ( 

The above list, which m: 
to leave little ground for 
jby Silliman as follows (1( 

A celebrated scholar, wHh 
a letter, to introduce into t 
matter as possible; and ther 
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was appointed Silliman professor 
College. He was at this time actE 
ing his three quarto reports for 
hence did not begin his active profes 
College until 1856. Part of his in. 
quoted on an earlier page. 

Dana had already performed the 
paring the complete index to the P: 
of about 350 pages, finally issued 
beginning of the Second Series he w 
with his brother-in-law, the younger 
editorial labor devolved more and m 
larger part of this he carried until al 
was, however, somewhat interrupted 
health. This was conspicuously ti 
absence in Europe in 1859-60, ma 
search for health; during these j 
responsibility rested entirely upon t 
Of Dana’s contributions to science i 
the place to speak, nor is the prese 
dwell in detail upon his work for the 
ject is to such an extent involved in t' 
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tlie details involved in editin 
Ms more important scientifi 
1890 on, this work devolved x 
the present editor, whose nan 
statl in 1875, with volume 9 
latter has served continuou 
with the exception of absence 
and in 1903 ; during the first 
Williams and during the sec 
ory occupied the editorial ch 

The Thied Sebies began i 
of the one-hundredth volume 
At this date the Journal was 
it remains to-day. Fifty vc 
series, wMch closed in 1895. 

The Foueth Seeies began 
present number for July, 19^ 
forty-sixth volume or, in otl 
and ninety-sixth volume of 
The Fourth Series, aceordi 
lished, will end with 1920. 


AMEEIOAN JOURNAL O'. 

nished, first by Alfred M. Mayer a: 
by E. C. Pickering (from 1874), J. P 
and John Trowbridge (from 1880). 
of tbe long series of notes in ebei 
physics by George P. Barker was p 
1870. He came in at first to occe 
Gibbs, but soon took the entire respc 
was placed among the associate edi 
1877 and two years later Dr. Gibbs 
may be added that from the begir 
present time, the notes in “Chemistr 
been continued almost without inter: 

The other departments of science 
represented in the notes, abstrac 
lished, book notices, etc., of the suc' 
as with the chemistry and physics t 
was long treated in a similar form 
notes in this department, the Journa 
indebted to Dr. Asa Gray, who becar 
1853, two years after Gibbs, althc 
not infrequent contributor for mai 
Gray’s contributions were furnish' 
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“Our friend and associate, I 
of America, the broad-minded s' 
of unceasing and fruitful worl 
For thirty-five years he has been 
nal, and for more than fifty ye£ 
through all his communications 
always delighted student, the ac 
genial critic, and as Darwin has 

The third associate editor 
Agassiz, whose work for 
adopted home in this count 
His term of service estendec 
ticularly in the earlier yean 
merous and important. Th 
was Waldo I. Burnett, of I 
only, and then followed four 
Haven, of whose generosity 
be impossible to say too m 
Brush in mineralogy ; Johns 
on the agricultural side; ! 
astronomy, whose contribul 
where; and Verrill — a stu( 




AMKHU'AX jorHN 

Si rii s Ih-j'iui in iHiMi. Tint cv 
(luati*. fur fl»‘ in t’hic'f ii 

niirc jtt' olhiT \vh 

nti lli»> ftfU* pawi*, iitid 

iiiijHirtiiiit jinrt in tin* cunth 
iinliH'il, is n<*l n nmt 
rnrly in llu* l''irsl ScrifS, 
nlrnnilv ni>fi*«l, riirnislif«l n<tt< 
iiiHtnm'rit'S nhi’ojni. OfluT {rn 
tiiiin iiftisl in tin* sniin* nnjtafit; 
Ihinn was l*roiVsst»r .Ii*rt*nu* 
win* ri‘M:ulHrly fiiruislnHl a h« 
varii’d sultji'tds, nhinllv from 
frnii! 1H(5U, Onthnlatl 

«li*ntli in his iahorntory in cn 
njH>n hydrotluiirin ariti (47, 4.'! 

If may he added, fitrfhnr, 
fenlim'S al«iid the .hturnal, es 
eentiiry »*r its exisletiee, is tilt 
nf its emit rihnt inns, vvhieh wt 
rtirin nf letters written tn Ih 


54 


A CENTUEY 

Joka Trowbridge 

George W. Goodale 

Henry S. Williams 

Henry P. Bowditeh. 

William G. Parlow 

Otbniel C. Marsh 

Henry A. Rowland 

Joseph S. Diller 

Louis V. Pirsson 

William M. Da-vis 

Joseph S. Ames 

Horace L. Wells 

Herbert E. Gregory 

Horace S. Uhler 

Present and, F-i 

The field to be occupied 1 
Science and Arts,” as seer 
presented by him in the firs' 
an earlier page, was as br 
science itself. It thus inci 
both pure and applied scienc 
and fine arts also. As the 

tbft 
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resnlted from the increased activity 
and academies at numerous centers 
into existence thereby of new or^ 
through them, as also through certaii 
Departments, the Carnegie Instituti 
versities and museums. 

As bearing upon this subject, the 
more prominent scientific periodic 
country since 1867 is not without inti 

1867- . American Naturalist. 

1875- . Botanical Bulletin; later B( 

1879- 1913. American Chemical Journal. 

1880- 1915. School of Mines Quarterly. 

1883- . Science. 

1885- . Journal of Heredity. 

1887- . Journal of Morphology. 

1887- 1908. Technology Quarterly. 

1888- 1905. American Geologist. 

1891- . Journal of Comparative Ne- 

1893- . Journal of Geology. 

1893- . Physical Eeview. 

1895- . Astrophysical Journal. 

1896- . Journal of Physical Chemis 


56 


A CENTUR’S 

periodicals of this country, 
many times what it was h 
have naturally found their 
to the special subject dealt 
movement will continue, tl 
that the immediate demand 
be expected. At the same 1 
any time in the past, to f on 
Journal to any single grot 
before us and its problems 
the moment, however, there 
scientific monthly sufficien 
papers of important genei 
immediate subject. In tl 
“Sniiman’s Journal” car 
ideals of its honored found* 
meet the change of conditi 
tific investigation and gro 
ally it is not out of place 
non-subsidized scientific p 
larger number of subscribe 
science and the libraries if ; 
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presented, in the various statements 
volumes. The same problems in v; 
continued for the past sixty years. £ 
been seriously aggravated for reaso: 
enlarged upon. Prior to that date 1 
had, for reasons chiefly involved in 
special journals, been much smalle: 
estimated by Silliman, for example, ii 
although there has been this partial 
the considerable number of well-esta 
the subscription list has meant a gr( 
bility and a smaller proportion of 
past four years, however, the Joui 
lar undertakings here and elsewhere, 
to bear its share of the burden of the 
ished receipts and greatly increase 
gratifying to be able to acknowledge 
of the authors, or of the laboratori 
have been connected, in their willingn 
to give assistance, for example, in tt 
or less of the cost of engravings, or ir 
a large portion of the total cost of f 
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National Govexninent in the 
in which it is taking part. 1 
dition of the future may he, 
the Journal founded by Ben 
survive and will continue to 
port and further developmei 
The present year of 1918 i 
with it the world of science, p 
overwhelming weight of a v 
severity. The four terrible 
have seen a fearful destructic 
must have a sad influence or 
many years to come. Only i 
there been a partial compt 
influence due to the immedia" 
the great conflict. One hunc 
war” was keenly in the min 
his work, but for him, hapi 
Napoleonic wars was already 
conflict of 1812, in which this 
which Silliman himself play 
must believe, no matter hov 
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It is interesting .to qnote tlie rema 
editor introduces the portrait ( 50 , xvii 

The portrait prefixed to this volume wa 
different purpose and for others than the 
nal. It has been suggested by friends, wl 
accustomed to respect, that it ought to fine 
is regarded as an authentic, although, per 
resemblance. In yielding to this suggestio 
to quote the sentiment of Cowper on a 
remarked — ^‘that after a man has, for m 
mind inside out before the world, it is only 
to hide his face.” 


Notes. 

^ The statements given are necessarily muci 
attempt to follow all changes of title; furthen 
publication for the academies given above are 
recorded. For fuller information see Seudder^s 
Serials, 1633-1876,^^ Cambridge, 1876; also 
'^Catalogue of Scientific and Technical Periodl 
sonian Institution, 1885). The writer is much in 
Assistant Librarian of Yale University Library, j 
in this connection. 

® The following footnote accompanies the opc 
volume of the Journal. ‘'From the MS. papers 
emy, now published by permission.’’ Similar 


A CENTURY OF GEO 
OF HISTORICAL 
AIM 

By charb: 

Int7 

T he American Joui 
greatest influences i 
in 1818, has publis 
pages of scientific mattei 
eralogy, there appear tc 
"What a vast treasure h* 
stored in these 194 volm 
have lived up to their ] 
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by James D. Dana, and especially ii 
as editor. 

Not including mineralogy, there i 
upward of 1500 distinct articles on : 
over 400 are on vertebrate paleonto 
invertebrate paleontology, and 90 o: 
articles bearing on historical geology ' 
and on stratigraphic geology more tha 
to all this, there are more than 200( 
matter relating to books and of lettei 
the editors Silliman and Dana. We n 
Doctor Merrill’s statement in his w€ 
tions to the History of American Geol 

“From its earliest inception geologic 
occupied a prominent place in its pages, 
numbers from the date of issue down to 
alone, afford a fair idea of the gradual ] 
geology.” 

Before presenting a synopsis of t 
steps in the progress of historical gee 
will be well to introduce a rapid su: 
geology in Europe, for, after all, Ame 
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Cosmogonists . — Then c 
earth’s origin, the cosmog 
end of the eighteenth eei 
time was to write historh 
the imagination. 

Earliest Historical Geo 
Arduino (1713-1795) of 
classify the rocks into tl 
age, he did this more clear 
time. The rocks, ahont V' 
Primary, Secondary, Te 
three-fold classification ci 
modified with time. 

Early in the nineteentt 
that formations of very 
each one of the three seri 
fossils and the recogniti( 
ranges have been raise( 
younger fossiliferons stra 
the Primary, it was seen tl 
lost their original signifies 

The first one to describ( 
sequence was Johann G 
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was a order atid jiroct 

earili’s enist, tiieir ('Xainplt* w< 
the Iiei'inaiiiLC of the ei”;hfi>t‘nll 

W'rnii riiiii < IrnlDtin or (In 
till* time of Altraham (lotfloli 
from 1770 to 1S17 was profest 
oey in the h’reihers; Aeadmny 
most interest ia,!^ Founders of 
“hulks far more lar.m'ly in t! 
any of those with whom up te 
coneerned a man wlio wieli 
ify over the mimn-alo.oy ai 
“Althom.rh lie <lid .trreai scnwi 
1itlio!o:*ieal eltaraeiers and hy 
trine of ipsiloyienl succession, 
tiieory. wliether directly hy 1 
rectly hy the Inhors tif his pu] 
ids inilnenco was disastnnis 
geology,” 

Werner arrang«*d the (u-ust. c 
fimmations, u,s had heeii don 
and Fiich.sel, ami one <if his fi 
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eartli.” To Mm, volcanoes • 
that arose from the combust: 
coal, spontaneously ignited. 

The breaking down of the 
with two of "Werner’s most 
huisson de Voisins (1769-1: 
former in 1803 had accepted 
basalt, but after studying the 
volcanic area of Auvergne he 
saw the basaltic rocks lying 
granite, and in places more 
these basaltic rocks were ] 
must, according to the Wern< 
from the combustion of beds 
be supposed to exist under 
chemical precipitate of a pr: 

Leopold von Bueh (1774-1 
geologist that Germany has 
spent in Norway was satis: 
Christiania district could m 
the Wernerian plan, which h 
Von Buch found a mas; 
fossiliferous limestones wh 
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graphic features of the eartl 
those of to-day. Throughox 
markedly, the Mesozoic, the 
widely (at times over 60 per c 
lands were inconspicuous, s 
climates warm and equable tl 
land conditions, and especiall 
tinents of the present, were 
the Paleozoic and then for cc 
between the periods. Ther^ 
solution, sedimentation, ar 
greatly throughout, the geo] 
ences, however, relate to deg] 
kinds of processes; but th 
operation react mightily on 
the earth. 

Geologic time had, for Hul 
ning, no prospect of an end. 
time is infinite. He did not, 
by which the chronology of tl 

First Important Text-hoc 
ablest text-book so far pub 


ins'roRit^xL (m 


T/i^ Hi Me nf iietdoffif in. .*Yc 

llu' ( tt Ht t athifi i'vuivrs,- In An 

ri.si‘ iiidrjHniiltnit {y in thrt*n ’plaiu\s 
iif nn<i l^iihnli^'lpl 

iltnijainiii HilUmuu of Vain 
\vny» wn !uuy niiy flint irnoln^y in i 
ill llin fiiltinviiniT piinmarn and fnuii 
Martun* at Philniit*lidiia» and iU‘Ki 
lit Xnw Unvnn, 1'liruUi(h tlu^ in 
Aiiihh Matuii. fin* Indunist^ htH^anin 
|,n*ij!i»i^y at WdlianiH (’tdlni^n and I 
!Si*lniH! in d'ruy, Xnw York, Thrni 
llnv, Kniwanl !!itc»!n*nc‘k aJsn laa 
tniinkf tkf* nffnr '!H2a at An 

HilHniait wan tin* {irni to taka 
iiiif of iiiinnra!nn:y and icnnlniny h 
I4p-*‘i’iiiinii:4. lU* Hprnad tin* knowliM 
tlirnilidtani tin* Hasfnril StafnH, *x 
dniit ill tlin iiiakiiitc of stni: 

f«*iif‘!inra and providt* 

\v!ii*ri*iii limy <*nnld {nililisli llinir r 


The Geological C< 


Present American 

classification 

Conybeare ai 

Psychozoic or Recent 

Alluvial 

Cenozoic 

Pleistocene 

sis; 

Diluvial 

Upper Marine 
Bagshot sand; 
Freshwater forn 

London Clay 
Plastic Olay 


Cretaceous 


Chalk 


Comanchian 1887 


Beds between 
Series (Chalk 
Weald Clay, : 

S 

*o 

N 

Si 

Jurassic 1829 


Upper Oolitic 
beds, Portlan 
idge Clay) 
Middle Oolitic c 
Oxford Clay) 
Lower Oolitic d: 
Stonesfield SI 
Great Oolite, 
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Early Geology in Philadelphia 
society is tlie American Philosop 
delphia, started by the many-sidec 
1769, and which has published sine 
of the founding of the Jourm 
appeared in the publications oi 
papers of a geologic nature, nei 
stones in the rising geologic stc 
The only fundamental ones were ] 
of 1809 and 1817. Later, in thii 
organized another scientific soeie 
a long time the most active one 
the Academy of Natural Science 
seven members, but it was not uni 
of William Maclure as its first p 
of the Academy was of a far-rea 
was built up not only a society for 
natural sciences and publications 
of such knowledge, but, what is 
first large library and general mu 
_ WiUiam Maclure (1763-1840), ( 
liman the “father of American g 
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April 4, 1804. In the snnime 
asked him to go to England t 
College, and great possihi 
knowledge now loomed before 
(43, 225, 1842) has told th 
sojourn in England and Sco 
restate a part of it here. 

‘‘Passing oyer to England in 
my residence for six months in L 
public or private, for geological 
for the cultivation of the science, 
the English universities.’^ In g 
far in advance of London . . . 
returned from the school of Wen 
trines of his illustrious teacher, wj 
them, and his eloquent and acute 
ray, was a powerful auxiliary in 
philosophers strenuously maintg 
aqueous over the igneous agencie 
of our planet. 

On the other hand, the discip! 
were not less active. He died in 
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wMch eventually was to f 
work : The Natural History 
1842; and Youmans’ sketc 
Monthly, Nov. 1890.) 

Edward Hitchcock (1793- 
gist, college president, and 
American geology, was lar^ 
1825, when he entered the tl 
College, he had met Amos 
in hotany and mineralogy, 
he had made lists of the pla 
his native town, Deerfield 
while studying theology at 
also to take up mineralogy 
whose acquaintance he had ] 

Hitchcock, who was des' 
prominent figures of his th 
the chair of chemistry and 
College. His first geologi 
appeared in 1815. Three y 
important paper on the G 
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inclination. He also conceived the idea of 
ough survey of his own State ; hence he res 
and returned home. The effort for a resui 
was successful, and he was recommissioned 
results appeared in 1841 and 1844.” 

Oliver P. Hubbard was assistant tc 
1836, and then up to 1866 taught ehen 
and geology at Dartmouth College, 
was graduated at Yale in 1815, and in 
Shepard of Amherst College were ap; 
ogists of Connecticut. Their report a 

James Dwight Dana (1813-1895) wi 
ablest of all of Silliman’s students. ' 
in 1833, he spent fifteen months in 
Navy as instructor in mathematics, ci 
Italy, Greece, and Turkey. In 1836 h 
Silliman, and in 1837, at the age of 
he published his widely used Syste 
Two years later Dana joined the Wilke 
dition as mineralogist, returning to Ar 
geological results of this expedition 
1849. In 1863, during the Eebellion, 

TV/T 1 J J.T 
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Wernerian Geologi 

The Father of American 
begins in America with Wi 
on the Geology of the TJi 
This was the first import 
American geology, and its c 
first one of the area east ol 
classification was essentiall; 
of the strata of the Coasta 
from the Lower Cretaceoui 
the Alluvial. To the west, c 
were his Primitive rocks 
formations of the*Appalae 
the Transition. West of t] 
or Secondary, or what we 
mentaries. The Triassic o 
of Connecticut he called tb 
coal formations of the inter 
the Secondary. The secon 
was much improved, along 
printed on a more correct g 


ill'STOElCAL GK 

IK14, ' ' lht‘ \v1h4c^ Viiu^ 

ill 1 h:!S in th^* Juuraai (14, ! 
it*al XuiiH*ni*la!urt\ ('lassi‘s uf iX 
t’la'*^.siliaara»!i is tfu* WiTut^riaa an 
fiMia and St’i'uiida r\' classtss. Ida 
I I rTtans tsarly !^i!nazidu* fta* 
kiiaw if, htssaust* ha pa,yH in* atit 
dt’fail at flit* i*ntaiulH*d ftissils, aii 
in what wa innv nail lhahsiztrun [ 
hitfar ara fatilly tluaauxlnait. 

ddian t*anii* his pajH*!- td’ ISdO, 
(17, tiidp ill wliiali ha says: *‘l 
, , . that all pndtariaai sfratu nrv 
iams sarias; anti t'ha.t aat*li saritss ( 
\dz.» thi* ( kariHiuifarauH | 
CJtiarl‘/t?sa, and C hi!(*ari*misd’ ^ 
a\firassai.| ftir tla^ tirsi fima tln^ I 
liiatifafitnia ’ hut Mnttui tha^s inti i*. 
till* htaalitias fur vnch ^M‘uri 

f-iartas’’ di*iuunst rata htnauid n. dui: 
II sadiifiaiitary 8a<(uanca*, ddn* %vl 
uf iiiiralatad furiualiuiiH that hnj 
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It also had a geologic ma] 
cally a copy of Maclure’s. 
585 pages, and to geology 
and 5 the geology of the Ij 
is Wernerian. Of “geolo 
“primitive and secondary 
In 1818 appeared Am os 
of the Northern States, ! 
came the second edition, 
with 286 pages. The the 
that of Werner, with “ 
Bakewell,” and yet one S( 
the far better English te; 
to advance philosophic 
is of most value here ar^ 
regard to the local geolc 
Connecticut, southwester; 
York (1, 69, 1819 ; also M< 
We come now to the mo 
of the early text-books i 
third English edition of 1 
to Geology (400 pages, 18 
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access to the horizontal and highly 1 
the coastal plain. The lirst one to 
'.riionias Hay, after him came Join 
Jau'dner \'amixem, .Isaac Lea, Sai; 
T. A. Oom-ad. d’heso men not o 
succc'ssion of the Oenozoic and th 
.M<‘Sozoic, but blazed the way anioni! 
as well. 

Thomas Say (17H7-1SJ4), in 1819, 
can to point out the chronogenetio n 
article, Observations on some Si 
Shells, ('(c., ])riucipally Fossil (1, 
states that tlu* progress of geolog 
founded on a knowledge of the ( 
s|K‘e.ies of r(*ru|uia‘, which the vuiriov) 
the (>artli pr(‘H(‘ut.” Say fully real 
the study of fossils, because of thei 
ter and changed nature, and that; tl 
tation requires a knowledges of simi 

'riu' apidication of what Say poii 
John Finch’s Ceological Essay on 
tions in Anierica. ( 7 . hi. IKtHL Ev 
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The grandest of these 
however, is that by Lardi 
only three_ pages, entitled 
and Classification of Cer 
tions” (16, 254, 1829). V; 
profound thinker, had been 
of Mines. James Hall tok 
that while the first New Y( 
ation, all of its members loc 

In the paper above refer 
a very concise manner tha1 

“The alluvial of Mr. Maclu 
characterized alluvion, but pn 
ary classes. Littoral shells, si 
Paris basins, and pelagic she 
deposition or latest secondary 
of shells are not mixed with e; 
earthy matter, and, in the so 
different levels. The ineohere 
our former ignorance of the tr 
the sources of our erroneous ^ 

The second error of the 
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same strata are inc 

iity ot rocks, I dctermiiK 
instance, and their positioi 
ill the second or last insta 
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Permian period. 

Upper Barren series. 

Dunkard group. 

Washington group. 

Pennsylvanian period. 

Upper Productive Coal series. 

Lower Barren Coal Measures. 

Lower Productive Coal Measui 

Pottsville series. 
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The Geological Column of the New York Geologists of 1842—1843, 
according to W. W. Mather 1842. 
r Alluvial division. 

Quaternary system < Quaternary division. 

Drift division. 


Tertiary systena 


These strata are included in the next 
lower division. 


Upper Secondary 
system 


Long Island division. Equals the Ter- 
tiary and Cretaceous marls, sands, 
and clays of the coastal i^lain of New 
Jersey. 

Trappean division. 

The Palisades 
Ked Sandstone 
^ division. 


New Ecd system 
> of Emmons and 

J Hall. 


Coal system of Mather, and Carboniferous system of Hall. 

Old Red system of Catskill Mountains of Emmons; Catskill 
division of Mather and Hall; and Catskill group of Vanuxem. 


According to Hall 1843, and essentially Vanuxem 1842, 

Chemung, Portage or Nunda (divided 
into Cashaqua, Garcleau, Portage), 
Genesee, Tully, Hamilton (divided 
into Ludlowville, Enciunal, Moscow), 
and Mareellus. 


Erie division 
[Devonian] 


Helderberg series 
[Devonian- 
Silurian] 


Corniferous, Onondaga, Schoharie, Cau- 
da-galli, Oriskany, Upper Pentamc- 
rus, Encrinal, Delthyris, Pentamerus, 
^ Waterlime, Onondaga salt group. 


Ontario division 
[Silurian] 


Niagara, Clinton, and Medina. 


Champlain division 
[ Silurian-Or dovi- 
eian-Upper 
Cambrian] 


'' Oneida or Shawangunk, Grey sandstone, 
Hudson River group, Utica, Trenton, 
< Black River including Birdseye and 
Chazy, Calciferous sandrock, and 
^ Potsdam. 


According to Emmons 1842, Mather 1843, Vanuxem 1842, 

Hall 1843. 


Taconic system 
[Ordovician and 
Lower Cambrian] 


Granular quartz, Stockbridge limestone, . 
Magnesian slate, and Taconic slate. 


I ^Ictamorpliic and Primary rocks. 



rau, wjuuB uie miuciie jjevonian aDout uolumous, (Jnio, 
ud Louisville, Kentucky, he referred to the same 
orizon. The Galena-Niagaran error was corrected in 
855, but the Devonian and Mississippian ones remained 
nadj listed for a long time, and in Iowa until toward the 
lose of the nineteenth century. 

Correlations with Europe . — The first effort toward 
orrelating the New York system with those of Europe 
fas made by Conrad in his Notes on American Geology 
i 1839 (35, 243). Here he compares it on faunal 
rounds with the Silurian system. A more sustained 
ffort was that of Hall in 1843 (45, 157), when he said 
lat the Silurian of Murchison was equal to the New 
'ork .system and embraced the Cambrian, Silurian, and 
»evonian, which he considered as forming but one sys- 
iin. Hall in 1844 and Conrad earlier were erroneously 
sgarding the Middle Devonian of New York (Hamilton) 
s “an equivalent of the Ludlow rocks of Mr. Murchi- 
011 ” ( 47 , 118, 1844). 

In 1846 E. P. De Verneuil spent the summer in Amer- 
la with a view to correlating the formations of the New 
iork system with those of Europe. At this time he had 
ad a wide field experience in Prance, Germany, and 
tussia, was president of the Geological Society of 
’ranee, and “virtually the representative of European 
oology” (2, 153, 1846). Hall says, “No other person 
ould have presented so clear and perfect a coup d’oeil. ” 
)e Verneuil ’s results were translated by Hall and with 
is own comments were published in the Journal in 1848 
nd 1849 under the title “On the Parallelism of the 
’aleozoic Deposits of North America with those of 
lurope.” De Verneuil was especially struck with the 
omplete development of American Paleozoic deposits 
nd said it was the best anyvhere. On the other hand, 
.0 did not agree with the detailed arrangement of the 
oi’mations in the various divisions of the New York 
ystem, and Hall admitted altogether too readily that the 
erms were proposed “as a matter of concession, and it is 
0 be regretted that such an artificial classification was 
■dopted.” De Verneuil ’s correlations are as follows: 

The Lower Silurian system begins with the Potsdam, 
he analogue of the Obolus sandstone of Russia and 
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of the Ortlioceras limestones of Sweden and Russia, 
while the Utica and Lorraine are represented by the 
Graptolite beds of the same countries. Both correlations 
are in pa.rtial_error. He unites the Chazy, Birdseye, and 
Black River in one series, and in another the Trenton, 
Utica, _ and Lorraine. Of species common to Europe and 
America he makes out seventeen. 

In the Upper Silurian system, the Oneida and 
Shawangunk are taken out of the Champlain division, 
and, with the Medina, are referred to the Silurian, along 
with all of the Ontario division plus the Lower Helder- 
berg. The Clinton is regarded as highest Caradoc or as 
holding a stage between that and the Wenlock. The 
Niagara group is held to be the exact equivalent of the 
Wenlock, “while the five inferior groups of the Helder- 
berg division represent the rocks of Ludlow.” We now 
know that these Helderberg formations are Lower Devo- 
nian in age. De Verneuil unites in one series the 
Waterlime, Pentamerus, Delthyris, Encrinal, and Upper 
Pentamerus. Of identical species there are forty com- 
.mon to Europe and America. 

The Devonian system De Verneuil begins, “after 
much hesitation,” with the Oriskany and certainly with 
the five upper members of Hall’s Helderberg division, all 
of the Erie and the Old Red Sandstone. He also adjusts 
Hall’s error by placing in the Devonian the Upper Cliff 
limestone of Ohio and Indiana, regarded by the former 
as Silurian. The Oriskany is correlated with the grau- 
wackes of the Rhine, and the Onondaga or Corniferous 
with the lower Eifelian. Cauda-galli, Schoharie, and 
Onondaga are united in one series ; Marcellus, Hamilton, 
Tully, and Genesee in another; and Portage and 
Chemung in a third. Of species common to Europe and 
America there are thirty-nine. 

The Waverly of Ohio and that near Louisville, Ken- 
tucky, which Hall had called Chemung, De Verneuil cor- 
rectly refers to the Carboniferous, but to this Hall does 
not consent. De Verneuil points out that there are 
thirty-one species in common between Europe and Amer- 
ica. “And as to plants, the immense quantity of terres- 
trial species identical on the two sides of the Atlantic, 


auds already emerged, and placed in similar physical 
jonditions.” 


An analysis of the Paleozoic fossils of Europe and 
/America leads De Verneuil to “the conviction that identi- 
jal species have lived at the same epoch in America and 
n Europe, that they have had nearly the same duration, 
nid that they succeeded each other in the same order.” 
rhis he states is independent of the depth of the seas, 
md of “the upheavings which have affected the surface 
3f the globe.” The species of a period begin and drop 
)ut at different levels, and toward the top of a system 
;he whole takes on the character of the next one. “If it 
lappens that in the two countries a certain number of 
systems, characterized by the same fossils, are superim- 
posed in the same order, whatever may be, otherwise, 
their thickness and the number of physical groups of 
which they are composed, it is philosophical to consider 
these systems as parallel and synchronous.” 

Because of the dominance of the sandstones and shales 
in eastern New York, De Verneuil holds that a land lay 
to the east. The many fucoids and ripple-marks from 
the Potsdam to the Portage indicated to him shallow 
water and nearness to a shore. 

The Oldest Geologic Eras . — ^We have seen in previous 
pages how the Primitive rocks of Arduino and of Werner 
had been resolved, at least in part, into the systems of 
the Paleozoic, but there still remained many areas of 
ancient rocks that could not be adjusted into the accepted 
scheme. One of the most extensive of these is in Canada, 
where the really Primitive formations, of granites, 
gneisses, schists, and even undetermined sediments, 
abound and are developed on a grander scale than else- 
where, covering more than two million square miles and 
overlain unconformably by the Paleozoic and later rocks. 
The first to call attention to them was J. I. Bigsby, a 
medical staff officer of the British Army, in 1821 (3, 
254). It was, however, William B. Logan (1798-1875), 
the “father of Canadian geology,” who first unravelled 
their historical sequence. At first he also called them 
Primary, but after much work he perceived in them par- 
allel structures and metamorphosed sediments, under- 


lain by and associated with pink granites. For the 
oldest masses, essentially the granites, he proposed the 
term Laurentian system (1853, 1863) and for the altered 
and deformed strata, the name liuronian series (1857, 
1863). Overlying these nnconfoimably was a third 
series, the copper-bearing rocks. Since his day a great 
host of Canadian and American geologists have labored 
over this, the most intricate of all geology, and now we 
have the following tentative chronology (Schuchcrt and 
Barrel!, 38 , 1, 1914) : 

Late Proterozoic era. 

Keweenawan, Aniraikian and Huroniau periods. 

Early Proterozoic era. 

Sudbiiriau period or older Huronian. 

Arclieozoie era, 

Grenville series, etc. 

Cosmic history. 

The Taconic System Resurrected. 

The Taconic system was first announced by Ebenezer 
Emmons in 1841, and clearly defined in 1842. It started 
the most bitter and most protracted discussion in the 
annals of American geology. After Emmons’s subse- 
quent publications had put the Taconic system through 
three phases, Barrande of Bohemia in 1860-1863 shed a 
great deal of new and correct light upon it, affirming in a 
series of letters to Billings that the Taconic fossils are 
like those of his Primordial system, or what we now call 
the Middle Cambrian ( 31 , 210, 1861, et seq.). 

In a series of articles published by S. W. Ford in the 
J ournal between 1871 and 1886, there was developed the 
further new fact that in Rensselaer and Columbia coun- 
ties, New York, the so-called Hudson River group 
abounds in “Primordial” fossils wholly unlike those of 
the Potsdam, and which Ford later on spoke of as 
belonging to “Lower Potsdam” time. 

James D. Dana entered the field of the Taconic area in 
1871 and demonstrated that the system also abomrds in 
Ordovician fossilifcrous formations. Then came the 
far-reaching work of Charles D. Walcott, beginning in 
1886, which showed that all through eastern New York 
and into northern Vermont the Hudson River group and 



also in Cambrian fossils. Finally in 1888 Dana pre- 
sented a Brief History of Taconic Ideas, and laid away 
the system with those words (36, 27) : 

“It is almost fifty years since the Taconie system made its 
abrupt entrance into geological science. Notwithstanding some 
good points, it has been througli its greater errors, long a hin- 
drance to progress here and abroad . . . But, whether the evil 
or the good has predominated, we may now hope, while heartily 
honoring Professor Emmons for his earnest geological labors and 
his discoveries, that Taeonic ideas may be allowed to be and 
remain part of the past.” 

As an epitaph Dana placed over the remains of the 
Taconic system the black-faced numerals 1841-1888. 
That the remains of the system, however, and the term 
Taconic are still alive and demanding a rehearing is 
apparent to all interested stratigraphers. This is not 
the place to set the matter right, and all that can be done 
at the present time is to point out what are the things 
that still keep alive Emmons’s system. 

In the typical area of the Taconic system, i. e., in Eens- 
selaer County, Emmons in 1844-1846 produced the fossils 
Atops trilineatus and Elliptocepliala asaphoides. S. W. 
Ford, as stated above, later produced from the same gen- 
eral area many other fossils that he demonstrated to be 
older than the Potsdam sandstone. To this time he gave 
the name of Lower Potsdam, thus proving on paleon- 
tological grounds that at least some part of the Taconic 
system is older than the New York system, and therefore 
older than the Hudson River group) of Ordovician age. 

In 1888 Walcott presented his conclusions in regard to 
the sequence of the strata in the typical Taconic area and 
to the north and south of it. He collected Lower Cam- 
brian fossils at more than one hundred localities 
“within the typical Taconic area,” and said that the 
thickness of his “terrane No. 5” or “Cambrian (Geor- 
gia),” now referable to the Lower Cambrian, is “14,000 
feet or more.” He demonstrated that the Lower Cam- 
brian is infolded with the Lower and Middle Ordovician, 
and confirmed Emmons’s statement that the former rests 
upon his Primary or Pre-Cambrian masses. Elsewhere, 
he writes: “To the west of the Taconie range the sec- 
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and Middle Ordovician age] to the hydromca schists (2) 
[whose age may also be of early Ordovician], and thence 
to the great development of slates and shales with their 
interbedded sparry limestones, caleiferous and arenaceous 
strata, all of which contain more or less of the Olenellus 
• . . fauna.” He then knew thirty -five species in Wash- 
ington County, New York (35, 401, 1888). 

Finally in 1915 Walcott said that in the Cordilleran 
area of America there was a movement that brought 
about changes “in the sedimentation and succession of 
the faunas which serve to draw a boundary line between 
the Lower and Middle Cambrian series. . . . The 
length of this period of interruption must have been con- 
siderable . . . and when connection with the Pacific was 
resumed a new fauna that had been developing in the 
Pacific was then introduced into the Cordilleran sea and 
constituted the Middle Cambrian fauna. The change 
in the species from the Lower to the Middle Cambrian 
fauna is very great.” He then goes on to show that in 
the Appalachian geosyncline there was another move- 
ment that shut out the Middle Cambrian Paradoxides 
fauna of the Atlantic realm from this trough, and all 
deposition as well. 

Conclusions . — ^Accordingly it appears that everywhere 
in America the Lower Cambrian formations are sep- 
arated by a land interval of long duration from those of 
Middle Cambrian time. These formations therefore 
unite into a natural system of rocks or a period of time. 
Between Middle and Upper Cambrian time, however, 
there appears to be a complete transition in the Cordil- 
leran. trough, binding these two series of deposits into 
one natural or diastrophic system. lienee the writer 
proposes that the Lower Cambrian of America be known 
as the Taconic system. The Middle and Upper Cam- 
brian series can be continued for the present under the 
term Cambrian system, a term, however, that is by no 
means in good standing for these formations, as will be 
demonstrated under the discussion of the Silurian con- 
troversy. 



The bilnrian Controversy, 

Just as in America the husc of the Paleozoic was 
uvolvod in a protracted controversy, so in England the 
dnml>riun-Silurian siiccession Avas a subject of long 
lebato betAA’'oe:i SedgAvick and Murchison, and among the 
niccoeding geologists of Europe. The history of the 
iolutioii is so Avell and justly stated in the Journal by 
lainos I), Dana under tlio title “SodgAvick and Murchi- 
ion: Cainbrinn and Silurian” (39, lfi7, 1S90), and by Sir 
!Vx'chibald (h'ikie in his tfoxt-book of Geology, 1903, that 
ill that is here rcMiuired is to briefly restate it and to 
iring the solution uj) to date. 

Adam SedgAvick (1.785-1873) and R. I. Murchison 
[1792-.1871) each began to work in the areas of Cam- 
)ria (Wah's) and Siluria (England) in 1831, but the 
■erins Gambrian and Silurian were not published until 
1835. Murchison Avas the lii’st to satisfactorily Avork out 
die seiiuence of the Silurian system because of the 
simpler slructural and more fossiliferons condition of 
lis urea. SedgAvick, on the other hand, had his academic 
lutiea to perform at Cambridge University, and being an 
ilde.r and more conservative man, delayed publishing his 
final ri^Hulta, because of the further fact that his area 
was far more deformed and less fossiliferons. In 1834 
[.hey Avere Avorking in concert in the Silurian area, and 
Sedgwick said: "I Avaa so struck by the clearness of the 
natural sections and the perfection of his workmanship 
that I received, I might say, with implicit faith every- 
thing Avhich ho then taught mo. . . . The whole 'Silurian 
systiuri' Avas by its author placed above the great undu- 
lating slate-rocks of South Wales.” At that time Mur- 
chiHon told Sedgwick that the Bala group of the latter, 
noAV known to bo in the middle of the Lower Silurian, 
couhl not be bi’ought within the limits of the Silurian 
syatcni, and added, “I believe it to plunge under the true 
Llandcilo-/lag.s,” now placed next boIoAV the Bala and 
allow the Arenig, wliich at the present is I’cgardod as at 
tho ba.se of the Ordovician. 

Ihio' Silurian system AAUia defined in print by Murchison 
in July, 1835, tho Upper Silurian embracing tho Ludlow 
and Wcnlock, Avhilo tho .Lower Silurian was based on the 


The Silurian S3''stein, of 100 pages and many plates of 
fossils, appeared in 1838. 

The Cambrian system was described for the first time 
by Sedgwick in August, 1835, but the completed work — a 
classic in geology— Synopsis of the Classification of the 
British Palaeozoic Bocks, along with M’Coy ’s Descriptions 
of British Palaeozoic Fossils, did not appear until 1852- 
1855. Sedgwick’s original Upper Cambrian included the 
greater part of the chain of the Ber'wyns, where he said 
it was connected with the Lhindeilo flags of the Silurian. 
The Middle Cambrian comprised the higher mountains of 
Caernarvonshire and Merionethshire, and the Lower 
Cambrian wais said to occupy the southwest coast of 
Carnarvonshire, and to consist of chlorite and mica 
schists, and some serpentine and granular limestone. In 
1853 it was seen that the fossiliferous Upper Cambrian 
included the Arenig, Llandeilo, Bala, Cairadoc, Conistou, 
Hirnant, and Lower Llandovery. On the other hand, it 
was not until long after Murchison and Sedgwick passed 
away that the Middle and Lower Cambrian were shown 
to have fossils, but few of those that characterize what 
is now called Lower, Middle, and Upper Cambrian time. 

Not until long after the original announcement of the 
Cambrian system did Sedgwick become aware “of the 
unfortunate mischief-involving fact” that the most fos- 
siliferous portion of the Cambrian — the Upper Cambrian 
— and at that time the only part yielding determinable 
fossils, when compared with the Lower Silurian was 
seen to be an equivalent formation but with very dif- 
ferent lithologic conditions. He began to see in 1842 
that his Cambrian was in conflict with the Silurian sys- 
tem, and four years later there were serious divergencies 
of views between himself and Murchison. The climax 
of the controversy was attained in 1852, when Sedgwick 
was extending his Cambrian system upwards to include 
the Bala, Llandeilo, and Caradoc, a proceeding not unlil^e 
that of Murchison, who earlier had been extending his 
Silurian downward through all of the fossiliferous Cam- 
brian to the base of the Lingula flags. 

Dana in his review of the Silurian-Cambrian contro- 
versy states : ‘ ‘ The claim of a woi’ker to affix a name to a 



disputed.”^ We have seen that Murchison had priority 
oJ; publication in his term Silurian over Sedgwick’s Cam- 
brian, but that in a complete presentation, both strati- 
graphically and faunally, the former had years of prior 
definition. What has even more weight is that geologists 
nearly everywhere had accepted Murchison’s Silurian 
system as founded upon the LoAver and Upper Silurian 
formations. A nomenclature once widely accepted is 
almost impossible to dislodge. HoAvever, in regard to 
the controversy it should not be forgotten that it was 
only Murchison’s Loioer Silurian that was in conflict 
with Sedgwick’s Upper Cambrian. As for the rest of 
the Cambrian, that was not involved in the controversy. 

Dana goes on to state that science may accept a name, 
or not, according- as it is, or is not, needed. In the prog- 
ress of geology, he thought that the time had finally been 
reached when the name Cambrian was a necessity, and 
he included both Cambrian and Silurian in the geologi- 
cal record. The ‘ ‘ Silurian, ’ ’ however, included the Lower 
and Upper Silurian — not one system of rocks, but Uvo. 

It is now twenty-seven years since Dana came to this 
conclusion, at a time when it was believed that there was 
more or less continuous deposition not only between the 
formations of a system but between the systems them- 
selves as well. To-day many geologists hold that in the 
course of time the oceans pulsate back and forth over 
the continents, and accordingly that the sequence of 
marine sedimentation in most places must be much 
broken, and to-day Ave know that the breaks or land inter- 
Amls in the marine record are most marked between the 
eras, and shorter betAveen all or at least most of the 
pct'iods. Furthermore, in North America, we have 
learned that the breaks between the systems are most 
marked in the interior of the continent and less so on or 
toAvard its margins. 

Tlardly any one noAV questions the fact of a long land 
interval betAveen the Lower Silurian and Upper Silurian 
in England, and it is to Sedgwick’s credit that he was the 
first to point out this fact and also the presence of an 
unconformity. It therefore folloAvs that we cannot con- 
Unue to use Silurian system in the sense proposed by 


periods. Dana, in the last edition of his Manual of 
Geology (1895), also recognizes two systems, but 
curiously he saw nothing incongruous in calling them 
“Lower Silurian era” and “Upper Silurian era.” It 
certainly is not conducive to clear thinking, however, to 
refer to two systems by the one name of Silurian and to 
speak of them individually as Lower and Upper Silurian, 
thus giving the impression that the two systems are but 
parts of one — the Silurian. Each one of the parts has its 
independent faunal and physical characters. 

We must digress a little here and note the work of 
Joachim Barrande (1799-1883) in Bohemia. In 1846 he 
published a short account of the “Silurian system” of 
Bohemia, dividing it into ctages lettered C to H. 
Between 1852 and 1883 he issued his “Systeme Silurien 
du Centre de la Boheme,” in eighteen quarto volumes 
with 5568 pages of text and 798 plates of fossils — a mon- 
umental work unrivalled in paleontology. In the first 
volume the geology of Bohemia is set forth, and here we 
see that etages A and B are Azoic or pre-Cambrian, and 
C to H make up his Silurian system. Etage C has his 
“Primordial fauna,” now known to be of Paradoxides or 
Middle Cambrian time, while D is Lower Silurian, E is 
Upper Silurian, P is Lower Devonian, and G and H are 
Middle Devonian. Prom this it appears that Barrande ’s 
Silurian system is far more extensive than that of Murchi- 
son, embracing twice as many periods as that of England 
and Wales. 

About 1879 there was in England a nearly general 
agreement that Cambrian should embrace Barrande ’s 
Primordial or Paradoxides faunas, and in the North 
Wales area be continued up to the top of the Tremadoc 
slates. To-day we would include Middle and Upper 
Cambrian. Lower Cambrian in the sense of containing 
the Olenellus faunas was then unknown in Great Britain. 

Lapworth, recognizing the distinctness of the Lower 
Silurian as a system, proposed in 1879 to recognize it as 
such, and named it Ordovician, restricting Silurian to 
Murchison’s Upper Silurian. This term has not been 
widely used either in Great Britain or on the Continent, 
but in the last twenty years has been accepted more and 



liroct conflict with tlio term Champlain, proposed by the 
NTow York State Geologist in 1842. 

In 1K97 the International Geological Congress pub- 
iahctl E. Ronovier’s Chronographie Geologique, wherein 
VO find the following ; 


a 

§ 




Ulipor or Silurian 
(Murdiison, re- 
atrietcd, 1835). 

Middle or Ordovician 
(Lapvvortli 1879). 

Lower or Cambrian 
(Sedgwick, re- 
stricted, 1835). 


r Ludlowian (Murcliison 1839). 

Wenloekian (Murchison 1839). 
i Laudoverian (Murchison). 

[ Caradocian (Murchison 1839). 

Landcilian. (Murcliison 1839). 

I Arcnigian. (Sedgwick 1847). 
r Potsdamian (Emmons 1838). 
Menevian (Salter and Hicks 1865) . 
Georgian (Hitchcock 1861). 


Regarding this period, which, by the way, is not very 
inliko that of Barrande, Renevicr remarks that it is “as 
mportant as the Cretaceous or the Jurassic. Lapworth 
3vcn gives it a value of the first order equal to the Pro- 
lozoic ora. ’ ’ 

In the above tlierc is an obvious objection in the double 
laago of the term Silurian, and this difficulty was met 
inter on in rjapparent’s Traite by the proposal to substi- 
tute Gothlandian for Silurian. Of this change Geikio 
remarks ; “Such an arrangement . . . might be adopted 
if it did not involve so serious an alteration of the nomen- 
[•.hUure in general nao.” On the other hand, if dias- 
trophism and breaks in the stratigrapble and faunal 
seiiueneo arc to bo the basis for geologic time divisions, 
we cannot ac.copt the aliove schomo, for it recognizes 
but one period where there are at least four in nature. 

dandudons . — Wo have arrived at a time when our 
knowledge of llio stra.tigTapliic and faunal sequence, plus 
(lie orogenic record as recognized in the principle of 
diaatroiiiiism, should ho reflected in the terminology of 
the. geologic time-table. It would he easy to offer a satis- 
factory nomenelaturo if wo were not bound by the law of 
liriorlty in publication, and if no one had the geologic 
chronology of his own time ingrained in his memory. 
In addition, the endless literature, with its accepted 
nomonoluturo, bars our way. Therefore with a view of 


creating the least change in geologic nomenclature, and 
of doing the greatest justice to our predecessors that the 
present conditions of our knowledge will allow, the fol- 
lowing scheme is offered; 

Silurian pei’iod. Llandovery to top of Ludlow in Europe. 

Alexandrian-Cataract-Mediua to top of Manlius in America, 
Champlain (1842) or Ordovician (1879) period. Areuig to top 
of Caradoc in Europe. Beekmantown to top of Eielimondian 
in Amei'ica. 

Cambrian period. In the Atlantic realm, begins with the 
Paradoxicles, and in the Pacific, with the Bathyuriscus and 
C>g 5 ''gopsis faunas. The close is involved in Ulrich’s provi- 
sionally defined Ozarkian system. When the latter is estab- 
lished, the Ozarkiau period will hold the time between the 
Ordovician and the Cambrian. 

Taeonic period. For the world-wide Olenellus or Mesouacidaj 
faunas. 

JPuleogeography, 

Wlion geologists began to perceive the vast significance 
of Hutton’s doctrine that “the ruins of an earlier world 
lie beneath the secondary strata,” and that great masses 
of bedded rocks are separated from one another by 
periods of mountain making and by erosion intervals, it 
was natural for them to look for the lands that had fur- 
nisbed the debris of the accumulated sediments. In this 
way paleogeography had its origin, but it was at first of 
a descriptive and not of a cartographic nature. 

The word paleogeography was proposed by T. Sterry 
Hunt in 1872 in a paper entitled “The Paleogeography 
of the North American Continent,” and published in the 
Journal of the American Geographical Society for that 
year. It has to do, he says, with the “geographical his- 
tory of these ancient geological periods.” It was again 
prominently used by Bobert Etheridge in his presidential 
address before the Geological Society of London in 1881. 
Since Canu’s use of the term in 1896, it has been fre- 
quently seen in print, and now is generally adopted to 
signify the geography of geologic time. 

The French were the first to make paleogeographic 
maps, and Jules Marcou relates in 1866 that Elie de 
Beaumont, as early as March, 1831, in his course in the 
College of France and at the Paris School of Mines, used 


center of Europe at tlie diifereiit great geologic periods. 
His first printed paleogco^^'rapliic luup appeared in 1833, 
and -was of early Tertiary time. Other maps by Beau- 
mont were published By Beudant in 1841-1842. The 
Sicilian geologist GemixLellaro published six maps of his 
coiiutry in 1834, and tlie Jdngiisliman Do La Beche had 
one in the same year. In ^.Amciuea the first to show such 
maps was Arnold Guyofi in. his IjOwcII lectures of 1848. 
James D. Dana publislied. Ihrec in the 1863 edition of his 
Manual of Geology. Of world paloogcographic maps, 
Jules Marcou producecl Hie first of Jurassic time, pub- 
lishing it in France iix 18G6, but the most celebrated of 
these early attempts was tho ono by Ncumayr published 
in 1883 in connection witli his Heber Idimatiache 2oncn 
wahrend der Jura- und ICimklezeit. 

The first geologist to px'oduce a series of maps showing 
the progressive geolog'ic geography of a given area was 
Jukes-Brown, who in tlie volume entitled “The Building 
of the British Isles,” 1888, included fifteen such maps. 
Karpinsky loublished fourteen maps of Russia, and in 
1896 Canu in his Essai d.o paleogcograpluo has fitty-aeven 
of Prance and Belgium. Lapparent’s Traito of 1906 is 
famous for paleogeog^rapliic maps, for he has twenty- 
three of the world, thirty-four of Europe, twenty-five of 
France, and ten taken from other authors, Schuchort in 
1910 published fifty- two to illustrate the palcogoography 
of North America, and. a.lso gave an extended list of such 
published maps. Anotlioi' article on the subject is by Tb. 
A.rldt, “Zur Geschichte dor Palilogeographischen Rckon- 
3tructionen,” published in 1914. Edgar Dacque in 1913 
also produced a list in Ini a Palilogeographischen Karton, 
and tavo years later appeared his hook of 500 pages, 
Grundlagen und Metliodon der Paliiogoographic, whore 
the entire subject is taken up in detail, 

Oonclusions . — Since I 83.3 tliere have l)eon published 
aot less than 500 diffei’ent paleogeographic maps, and of 
this number about 210 relate to North America. Never- 
theless paleogeograplxy ia still in its infancy, and most 
maps embrace too mracli geologic, time, all of tliem tens 
of thousands, and some of them millions of years. The 
geographic maps of the present show the conditions of 


toward smaller amounts of geologic time, if we are to 
show the actual relation of water to land and the move- 
ments of the periodic floodings. Moreover, the ancient 
shore lines are all more or less hypothetic and are drawn 
in straight or sweeping curves, unlike modern strands 
with their bays, deltas, and headlands, and the ancient 
lands are featureless plains. We must also pay more 
attention to the distribution of brackish- and fresh-water 
deposits. The periodically rising mountains will be the 
first topographic features to be shown upon the ancient 
lands, and then more and more of the drainage and the 
general climatic conditions must be portrayed. In the 
seas, depth, temperature, and currents are yet to be 
deciphered. Finally, other base maps than those of the 
geography of to-day will have to be made, allowing for 
the compression of the mountainous areas, if we are to 
show the true geographic configurations of the lands and 
seas of any given geologic time. 

JPaleometeo7'ology. 

In accordance with the Laplaeian theory, announced at 
the beginning of the nineteenth century, all of the older 
geologists held that the earth began as a hot star, and 
that in the course of time it slowly cooled and finally 
attained its present zonal cold to tropical climatic condi- 
tions. That the earth had very recently passed through 
a much colder climate, a glacial one, came into general 
acceptance oixly during the latter half of the previous 
century. 

Rise . — Our knowledge of glacial climates had its origin 
in the Alps, that wonderland of mountains and glaciers. 
The rise of this knowledge in the Alps is told in a charm- 
ing and detailed manner by that erratic French- 
American geologist, Jules Marcou (1824-1898), in his 
Life, Letters, and Works of Louis Agassiz, 1896. He 
relates that the Alpine chamois hunter Perraudin in 1815 
directed the attention of the engineer De Charpentier to 
the fact “that the large boulders perched on the sides of 


ciers. ” For a long time the latter thought the conclusion, 
extravagant, and in the meantime Peri’audin told the 
same thing to another engineer, Venetz. He, in 1829, 
convinced of the correctness of the chamois hunter's 
views, presented the matter before the Swiss naturalists 
then meeting at St. Bernard’s. Venetz “told the Society 
that his observations led him to believe that the whole 
Valais has been formerly covered by an immense glacier 
and that it even extended outside of the canton, covering 
all the Canton de Vaud, as far as the Jura Mountains, 
carrying the boulders and' erratic materials, which are 
now scattered all over the large Swiss valley.” Eight 
years earlier, in 1821, similar views had been presented 
by the same modest naturalist before the Helvetic 
Society, but it was not until 1833 that De Charpentier 
found the manuscript and had it published. Venetz’s 
conclusions were that all of the glaciers of the Bagnes 
valley “have very recognizable moraines, which are 
about a league from the present ice.” “The moraines 
. . . date from an epoch which is lost in the night of 
time.” Then in 1834 De Charpentier read a paper 
before the same society, meeting at Lucerne. “Seldom, 
if ever, has such a small memoir so deeply excited the 
scientific world. It was received at first with incredulity 
and even scorn and mockery, Agassiz being among its 
opponents. ’ ’ The paper was published in 1835, first at 
Paris, then at Geneva, and finally in Gei’many. It 
“attracted much attention, and the smile of incredulity 
with which it was received when read at Lucerne soon 
changed into a desire to know more about it.” 

Louis Agassiz (1807-1873), who had long been ac- 
quainted with his countryman, De Charpentier, spent 
several months with him in 1836, and together they 
studied the glaciers of the Alps. Agassiz was at first 
“adverse to the hypothesis, and did not believe in the 
gi'cat extension of glaciers and their transportation of 
boulders, but on the contrary, was a partisan of Lyell’s 
thooi'y of transport by icebergs and ice-cakes . . . but 
from being an adversary of the glacial theory, he 
returned to Neuchatol an enthusiastic convert to the 
views of Venetz and De Charpentier. . . , "With his 


perspicacity and acuteness, liis way oi ciassuymg, juug- 
ing and marshalling facts, Agassiz promptly learned the 
whole mass of irresistible arguments collected patiently 
during- seven years by De Charpentier and Venetz, and 
with his insatiable appetite and that faculty of assimila- 
tion which he possessed in such a wonderful degree, he 
digested the whole doctrine of the glaciers in a few 
weeks. ” 

In July, 1837, Agassiz presented as his presidential 
address before the Helvetic Society his memorable “Dis- 
cours de Neuchatel,” which was “the starting point of 
all that has been written on the Ice-age, ’ ’—a term coined 
at the time by his friend Schimper, a botanist. The first 
part of this address is reprinted in French in Marcou’s 
hook on Agassiz. The address was received with aston- 
ishment, much incredulity, and indifference. Among the 
listeners was the great German geologist Von Buch, who 
“was horrified, and with his hands raised towards the 
sky, and his head bowed to the distant Bernese Alps, 
exclaimed; ‘O Sancte dc Saussure, ora pro nobis!’” 
Even He Charpentier “was not gratified to see bis glacial 
theoi'y mixed with rather uncalled for biological prob- 
lems, the connection of which with the glacial age was 
more than problematic.” Agassiz was then a Cuyierian 
catasti^ophist and creationist, and advanced the idea of 
a series of glacial ages to explain the destruction of the 
geologic succession of faunas ! Curiously, this theory 
was at once accepted by the American paleontologist 
T. A. Conrad (35, 239, 1839). 

The classics in glacial geology are Agassiz’s Etudes 
sur les Glaciers, 1840, and De Charpentier ’s Essai sur les 
Glaciers, 1841. Of the latter hook, Marcou states that 
it has been said: “It is impossible to he truly a geologist 
without having read and studied it.” In the English 
language there is Tyndall’s Glaciers of the Alps, 1860. 

The progress of the ideas in regard to Pleistocene 
glaciation is presented in the following chapter by H. E. 
Gregory. 

Older Glacial Climates . — ^Hardly had the Pleistocene 
glacial climate been proved, when geologists began to 
point ont the possibility of even earlier ones. An enthu- 
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described certain late Paleozoic conglomerates of middle 
England, wMcb he said were of glacial origin, but his 
evidence, though never completely gainsaid, has not been 
generally accepted. In the following year, an English- 
man, Doctor W. T. Blanford, said that the Talchir con- 
glonaerates of central and southern India were of glacial 
origin, and since then the evidence for a Permian glacial 
climate has been steadily accumulating. Africa is the 
land of tniites, and here in 1870 Sutherland pointed out 
that the conglomerates of the Karroo formation were of 
glacial origin. Australia also has Permian glacial 
deposits, and they are known widely in eastern Brazil, 
the Falkland Islands, the vicinity of Boston, and else- 
where. So convincing is this testimony that all geolo- 
gists are now ready to accept the conclusion that a 
glacial climate was as wide-spread in early Permian time 
as was that of the Pleistocene.^ 

In Smith Africa, beneath the marine Lower Devonian, 
occurs the Table Mountain series, 5000 feet thick. The 
series is essentially one of quartzites, with zones of shales 
or slates and with striated pebbles up to 15 inches long. 
The latter occur in pockets and seem to be of glacial origin. 
There are here no typical tUlites, and no striated under- 
grounds have so far been found. While the evidence of 
the deposits appears to favor the conclusion that the 
Table Mountain strata were laid down in cold waters with 
floating ice derived from glaciers, it is as yet impossible 
to assign these sediments a definite geologic age. They 
are certainly not younger than the LoAver Devonian, but 
it has not yet been established to what period of the 
early Paleozoic they belong. 

In southeastern Australia occur tillites of wide distri- 
bution that lie conformably beneath, but sharply sep- 
arated from the fossiliferous marine Lower Cambrian 
strata. David (1907), Howchin (1908), and other Aus- 
tralian geologists thinic they are of Cambrian time, but 
to the writer they seem more probably late Proterozoic 
in age. In arctic Norway Eensch discovered unmistak- 
able tillites in 1891, and this occurrence was confirmed by 
Strahan in 1897. It is not yet certainly known Avhat 
their age is, but it appears to be late Proterozoic rather 



occur in China (Willis and Blaelavelder 1907), Africa 
(Schwarz 190G), India (Vredenburg 1907), Canada 
(Coleman 1908), and possibly in Scotland. 

The oldest known tillites are described by Coleman in 
1907, and occur at the base of the Lower Huronian or in 
early Proterozoic time. They extend across northern 
Ontario for 1000 miles, and from the north shore of Lake 
Huron northward for 750 miles. 

Fossils as Climatic Indexes . — Paleontologists have 
long been aware that variations in the climates of the 
past are indicated by the fossils, and Neumayr in 1883 
brought the evidence together in his study of climatic 
zones mentioned elsewhere. Plants, and corals, cepha- 
lopods, and foraminifers among marine animals, have 
long been recognized as particularly good “life ther- 
mometers.” In fact, all fossils are climatic indicators 
to some extent, and a good deal of evidence concerning 
paleometeorology has been discerned in them. This evi- 
dence is briefly stated in the paper by Schuchert already 
alluded to, and in W. D. Matthew’s Climate and Evolu- 
tion, 1915. 

Sediments as Climatic Indexes . — Johannes Walther in 
the third part of his Binleitung — Lithogenesis der 
Gegenwart, 1894 — is the first one to decidedly direct 
attention to the fact that the sediments also have within 
themselves a climatic record. In America Joseph Bar- 
rel! has since 1907 written much on the same subject. 
On the other hand, the periodic floodings of the con- 
tinents by the oceans, and the making of mountains, 
due to the periodic shrinkage of the earth, as expressed 
in T. C. Chamberlin’s principle of diastrophism and in 
his publications since 1897, are other criteria for estimat- 
ing the climates of the past. 

Conclusions . — In summation of this subject Schuchert 
says; 

“The marine ‘life thermometer’ indicates vast stretches of 
time of mild to warm and equable temperatures, with but slight 
zonal differences between the equator and the poles. The great 
bulk of marine fossils are those of the shallow seas, and the evo- 
lutionary changes recorded in these ‘medals of creation’ are 
slight throughout vast lengths of time that are punctuated by 


.'oil owed by quick evolution, and the rise of new stocks. The 
•imes of less warmtli are the mioihenn and those of greater 
leat the pliotherm periods of Ramsay. 

On the land the story of the climatic changes is different, but 
n general the equability of the temperature simulates that of 
:he oceanic areas. In other words, the lands also had long- 
mduring times of mild to warm climates. Into the problem 
3f land climates, however, enter other factors that are absent 
in the oceanic regions, and these have great influence upon the 
flimates of the continents. Most important of these is the perh 
Ddie warm -water inundation of the continents by the oceans, 
3ausing insular climates that are milder and moister. "With the 
vanishing of the floods somewhat cooler and certainly drier • 
fliraates are- produced. The effects of these periodic floods must 
aot be underestimated, for the North American continent was 
variably submerged at least seventeen times, and over an area 
of from 154,000 to 4,000,000 square miles. 

When to these factors is added the effect upon the climate 
caused by the periodic rising of mountain chains, it is at once 
apparent that the lands must have had constantly varjdng 
climates. In general the tempei'ature fluctuations seem to have 
been slight, but geographically the climates varied between mild 
to warm pluvial, and mild to cool arid. The arid factor has 
been of the greatest import to the organic world of the lands. 
Purthex', when to all of these causes is added the fact that dur- 
ing emergent periods the formerly isolated lands were connected 
by land bridges, permitting intermigration of the land floras 
and faunas, with the introduction of their parasites and parasitic 
diseases, we learn that while the climatic environment is of fun- 
damental importance it is not the only cause for the more rapid 
evolution of terrestrial life . . . 

Biuefly, then, we may conclude that the markedly varying 
climates of the past seem to he due primarily to periodic changes 
in the topographic form of the earth's surface, plus variations 
in the amount of heat stored by the oceans. The causation for 
the warmer interglacial climates is tlie most difficult of all to 
explain, and it is hero that factors other than those mentioned 
may entei\ 

Granting all this, there still seems to lie back of all these 
theories a greater que.stion connected with the major changes in 
paleometcorology. This is: What is it that forces the earth’s 
topography to change with varying intensity at irregularly 
x'hythmic inteiwals? , . . Are we not forced to conclude that 
the earth’s shape clianges periodically in response to gravitative 
forces that alter the body-form 
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Modern evolution, or the theory of life continuously 
descending from life with change, may be said to have 
had its first marked development in Comte de Buffon 
(1707-1788), a man of wealth and station, yet an indus- 
trious compiler, a brilliant writer, and a popularizer of 
science. He was not, however, a true scientific investi- 
gator, and his monument to fame is his Histoire Nat- 
urelle, in forty-four volumes, 1749-1804. A. S. Packard 
in his book on Lamarck, his Life and Work, 1901, con- 
cludes in regard to Buffon as follows : 

^‘The impression left on the mind, after reading Buffon, is 
that even if he threw out these suggestions and then retracted 
them, from fear of annoyance or even persecution from the 
bigots of his time, he did not himself always take them seriously, 
but rather jotted them dowu as passing thoughts . . . They 
appeared thirty-four years before Lamarck’s theory, and though 
not epoch-making, they are such as will render the name of 
Buffon memorable for all time.” 

Chevalier de Lamarck (1744-1829) may justly be 
regarded as the founder of the doctrine of modern evo- 
lution. Previous to 1794 he was a believer in the fixity 
of species, but by 1800 he stood definitely in favor of 
evolution. Locy in his Biology and its Makers, 1908, 
states his theories in the following simplified form: 

'Wariations of organs, according to Lamarck, arise in animals 
mainly through use and disuse, and new organs have their origin 
in a physiological need. A new need felt by the animal [due 
to new conditions in its life, or the environment] expresses 
itself on the organism, stimulating growth and adaptations in a 
particular direction.” 

To Lamarck, ^inheritance was a simple, direct trans- 
mission of those superficial changes that arise in organs 
within the lifetime of an individual owing to use and 
disnse.’’ This part of his theory has come to be known 
as “the inheritance of acquired characters.^’ 

Georges Cuvier (1769-1832), a i^eer of Prance, was a 
decided believer in the fixity of species and in their crea- 
tion through divine acts. In 1796 he began to see that 
among the fossils so plentiful about Paris many were of 



f wholly extinct faunas. This at first puzzling phenom- 
lon he finally came to explain hy assuming that the 
irth had gone through a series of catastrophes, of which 
le Deluge was the most recent but possibly not the last, 
li^ith each catastrophe all life was blotted out, and a new 
lough improved set of organisms was created by divine 
its. The Cuvicrian theory of catastrophism was widely 
3cepted during the first half of the nineteenth century, 
ad in America Louis Agassiz was long its greatest 
eponent. It was this theory and the dominance of the 
dlliant Cuvier, not only in science but socially as well, 
lat blotted out the far more correct views of the more 
liilosophical Lamarck, who held that life throughout the 
3:es had been continuous and that through individual 
fort and the inheritance of acquired characters had 
mlved the wonderful diversity of the present living 
oidd. 

In 1830 there was a public debate at Paris between 
uvier and Geoffroy Saint-Hilaire, the one holding to the 
nws of the fixity of species and creation, the other that 
fe is continuous and evolves into better adapted forms, 
uvier, a gifted speaker and the greatest debater zoology 
/^er had, with an extraordinary memory that never 
tiled him, defeated Saint-Hilaire in each day’s debate, 
[though the latter was in the right. 

A book that did a great deal to prepare the Bnglish- 
jeaking people for the coming of evolution was “Ves- 
ges of Creation,” published in 1844 by an unknown 
ithor. In Darwin’s opinion, “the work, from its power- 
il and brilliant style . . . has done excellent service 
. . in thus preparing the ground for the reception of 
lalogous views.” This book was recommended to the 
saders of the Journal (48, 395, 1845) with the editorial 
imark that “we cannot subscribe to all of the author’s 
lews.” 

We can probably best illustrate the opinions of Amer- 
ans on the question of evolution just before the appear- 
Qce of Darwin’s great work by directing attention to 
ames D. Dana’s Thoughts on Species (24, 305, 1857). 
fter reading this article and others of a similar nature 
f Agassiz, one comes to the opinion that unconsciously 
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extended and minute knowledge of living organisms and 
their philosophic type of mind neither could see the true 
significance of the imperceptible transitions between 
some species, which if they do not actually pass into, at 
least shade towards, one another. 

Dana speaks of “the endless diversities in individu- 
als” that compose a species, and then states that a living 
species, like an inorganic one, “is based on a specific 
amount or condition of concentered force defined in the 
act or law of creation.” Species, he says, are perma- 
nent, and hybrids “cannot seriously trifle with the true 
units of nature, and at the best, can only make tempo- 
rary variations.” “We have therefore reason to believe 
from man’s fertile intermixture, that he is one in_ species : 
and that all organic species are divine appointments 
which cannot be obliterated, unless by annihilating the 
individuals representing the species.” 

Through the activities of the French the world was 
prepared for the reception of evolution, and now it was 
already in the minds of many advanced thinkers. In 
1860 Asa Gray sent to the editor of the Journal (29, 1) 
an article by the English botanist, Joseph D. Hooker, 
entitled “On the Origination and Distribution of 
Species,” with these significant remarks : 

“The essay cannot fail to attract the immediate and profound 
attention of scientific men ... It has for some time been 
manifest that a re-statement of the Lamarckian hypothesis is 
at hand. We have this, in an improved and truly scientific 
form, in the theories which, recently propounded by Mr. Dar- 
win, followed by Mr. Wallace, are here so ably and altogether 
independently maintained. When these views are fully laid 
before tliem, the naturalists of this country will be able to 
take part in the interesting discussion which they will not fail 
to call forth.” 

Hooker took up a study_ of the flora of Tasmania, of 
which the above cited article is but a chapter, with a 
view to trying out Darwin’s theory, and he now accepts 
it. He^ says, “Species are derivative and mutable.” 
“The limits of the majority of species are so undefina- 
ble that few naturalists are agreed upon them.” 


ASca Q-ray liad received from Darwia an advance copy 
of the book that was to revolutionize the thought of the 
world, and at once wrote for the Journal a Review of 
Darwin Theory on the Origin of Species by means of 
Natural Selection (29, 153, i860). This is a splendid, 
critical but ;just, scientilic review of Darwin’s epoch- 
making book. Kvidently views similar to those of the 
Ihiglish scientist had long been in the mind of Gray, for 
he easily and quickly mastered the work. He is easy on 
Dana’s Thoughts on Species, which were idealistic and 
not in harmony with the naturalistic views of Darwin. 
On the otlior hand, he contrasts Dai’win’s views at length 
Avith those of the creationists as exeraplilied by Louis 
Agassiz, and says ‘^The widest divergence appears.” 

Gray says in part : 

'^The gist of Mr. Darwin’s work is to show that such varieties 
are gradually diverged into species and genera through natural 
selection ; that natural selection is the inevitable result of the 
struggle for existence which all living things are engaged in; 
and that this struggle is an unavoidable consequence of several 
nal.ural (Uiiises, but mainly of the high rate at which all organic 
beings tend to increase. 

Darwin is confident that intermediate forms must have 
existed; that in tlie olden times when the genera, the families 
and th(3 ordcu’vS diverged from their parent stocks, gradations 
existed as fine as tliose which now connect closely related species 
with varieties. But they have passed and left no sign. The 
g(3oIogical record, even if all displayed to view, is a book from 
which not only many pages, but even whole alternate chapters 
have been lost out, or rather which were never printed from the 
autograp])S of nature. The record was actually made in fossil 
litliography only at certain times and iindcr certain conditions 
(i, c., at periods of slow subsidence and places of abundant sedi- 
ment) ; and of these records all but the last volume is out of 
pi'int; and of its pages only local glimpses have been obtained. 
Cloologists, except Lycll, will object to this, — some of. them 
nioderatoly, others with vehemence. Mr. Darwin liimself admits, 
with a candor rarely displayed on such occasions, that he should 
have expected more geological evidence of transition than he 
finds, and tliat all the most eminent paleontologists maintain the 
immutability of species. 

Tlui general fact, liowcvcr, that the fossil fauna of each period 
as a whole is nearly intermediate in character between the 
preceding and the succeeding faunas, is much relied on. *We 
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are brought one step nearer to the desired inference by the similar 
‘fact,’ insisted on by all paleontologists, that fossils from two 
consecutive formations are far more closely related to each other, 
than are the fossils of two remote formations. 

It is well said that all organic beings have been formed on two 
great laws ; Unity of type, and Adaptation to the conditions of 
existence . . . Mr. Darwin harmonizes and explains them 

naturally. Adaptation to the conditions of existence is the 
result of Natural Selection; Unity of type, of unity of descent.” 

Gray’s article was soon followed by another one from 
Agassiz on Individuality and Specific Differences among 
Acalephs, but tbe running title is “Prof. Agassiz on the 
Origin of Species” (30, 142, 1860). Agassiz stoutly 
maintains his well known views, and concludes as 
follows : 

“Were the transmutation theory true, the geological record 
should exhibit an unin teiTup ted succession of types blending 
gradually into one another. The fact is that throughout all 
geological times each period is characterized by definite specific 
types, belonging to definite genera, and these to definite families, 
referable to definite orders, constituting definite classes and 
definite branches, built upon definite plans. Until the facts of 
Nature are shown to have been mistaken by those who have col- 
lected them, and that they have a different meaning from that 
now generally assigned to them, I shall therefore consider tho 
transmutation theory as a scientific mistake, untrue in its facts, 
unscientific in its method, and mischievous in its tendency.” 

Dana, in reviewing Huxley’s well known book, Man’s 
Place in Nature (35, 451, 1863), holds that man is apart 
from brute nature because man exhibits “extreme ceph- 
alization” in that he has arms that no longer are used 
in locomotion but go rather with the head, and because 
he has a far higher mentality and speech. As for the 
Darwinian theory, the evidence, he says, “comes from 
lower departments of life, and is acknowledged by its 
advocates to be exceedingly scanty and imperfect.” 

The growth of evolution is set forth in the Journal in 
Asa Gray’s article on Charles Darwin (24, 453, 1882), 
which speaks of the latter as “the most celebrated man of 
science of the nineteenth century,” and, in addition, as 
“ one of the most kindly and charming, unaffected,, sim- 
ple-hearted, and lovable of men.” In regard to the rise 



paper on Asa 'Gray (35, 181, 1888). Here we read, as a 
sequel to his Thoughts on Species, that the “paper may 
be taken, perhaps, as a culmination of the past, just as 
the new future was to make its appearance.” Finally, 
in this connection there should he mentioned O. C. 
Marsh’s paper on Thomas Henry Huxley (50, 177, 1895), 
wherein is recorded the latter ’s share in the upbuilding 
of the evolutionary theory. 

We have seen that originally Dana was a creationist, 
but in the course of his long and fruitful life he gradually 
became an evolutionist, and rather a Neo-Lamarckian 
than a Darwinian. This change may be traced in the 
various editions of his Manual of Geology, and in the last 
edition of 1895 he says his “speculative conclusions” of 
1852 in regard to the origin of species are not “in accord 
with the author ’s present judgment. ” “ The evidence in 

favor of evolution by valuation is now regarded as essen- 
tially complete.” On the other hand, while man is 
“unquestionably” closely related in structure to the 
man-apes, yet he is not linked to them but stands apart, 
through “the intervention of a Power above Nature. 

. . . Believing that Nature exists through the will and 
ever-acting power of the Divine Being, and . . . that the 
whole Universe is not merely dependent on, but actually 
is, the Will of one Supreme Intelligence, Nature, with 
Man as its culminant species, is no longer a mystery.” 

In America most of the paleontologists are Neo- 
Lamarckian,- a school that was developed independently 
by E. D. Cope (1840-1897) through the vertebrate evi- 
dence, and by Alpheus Hyatt (1838-1902) mainly on the 
evidence of the ammonites. They hold that variations 
and acquired characters arise through the effects of the 
environment, the mechanics of the organism resulting 
from the use and disuse of organs, etc. One of the lead- 
ing exponents of this school is A. S. Packard, whose book 
on Lamarck, His Life and Work, 1901, fully explains the 
doctrines of the Neo-Lamarckians. 

The Growth of Invertebrate I^aleontology, 

How and by whom paleontology has been developed 
has been fully stated in the Journal in a very clear man- 


ner l)y Professor Marsh in Ms meraorable presidential 
address of 1879, History and Methods of Pateontologieal 
Discovery ( 18 , 323, 1879), and by Karl von Zittel in his 
most interesting book. History of Geology and Palaeon- 
tology, 1901. In this discussion we shall largely follow 
Marsh. 

The science of paleontology has passed through four 
periods, the first of them the long Mystic period extend- 
ing up to the beginning of the seventeenth century, when 
the idea that fossils were once living things was only 
rarely perceived. The second period was the Diluvial 
period of the eighteenth century, when nearly everyone 
regarded the fossils as remains of the Noachian deluge. 
With the beginnings of the nineteenth century there 
arose in western Europe the knowledge that fossils are 
the “medals of creation” and that they have a chrono- 
genetic significance ; also that life had been periodically 
destroyed through world-wide convulsions in nature. 
Prom about 1800 to 1860 was the time of the creationists 
and catastrophists, which may be known as the Catas- 
trophic period. The fourth period began in 1860 with 
Darwin’s Origin of Species. Since that time the theory 
of evolution has pervaded all work in paleontology, and 
accordingly this time may be knoAvn as the Evolutionary 
period. 

Mystic Period. — The Mystic period in paleontology 
begins with the Greeks, five centuries before the present 
era, and continues down to the beginning of the seven- 
teenth century of our time. Some correctly saw that the 
fossils were once living marine animals, and that the sea 
had been where they now occur. Others interpreted fos- 
sil mammal bones as those of human giants, the Titans, 
but the Aristotelian view that they were of spontaneous 
generation through the hidden forces of the earth domi- 
nated all thought for about tAventy centuries. 

In the sixteenth century canals were being dug in 
Northern Italy, and the many fossils so revealed led to a 
fierce discussion as to their actual nature. Leonardo da 
Vinci (1452-1519) opposed the commonly accepted view 
of their spontaneous generation and said that they Avere 
the remains of once living animals and that the sea had 
been where they occur. “You tell me,” he said, “that 
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hells in the mountains; then show me a place in tlie 
aountains where the stars at the present dtry make shelly 
brma of different ages, and of different species in the 
amo i)lacc.” However, nothing came of his teachings 
Old those of his countryman Fracastorio (1483-1553), 
vho further ridiculed the idea that they were the 
'ornaina of the deluge. The first mineralogist, Agricola, 
loscribcd them as minerals — fossilia — and said that they 
irose in the ground from fatty matter set in fermcnta- 
ioii by heat. Others said that they were freaks of 
latui'o. Martin Lister (1638-1711) figured fossils side 
)y side with living shells to show that they were extinct 
brms of life. In the seventeenth century, and especially 
n Italy and Germany, many books were published on 
ussils, some with illustrations so accurate that the 
ipocies can bo recognized to-day. Finally, toward 
ho close of this century the influence of Aristotle and the 
icholastic tendency to disputation came more or less to 
in end. Fossils were already to many naturalists once 
iving plants and animals. Marsh states: “The many 
sollections of fossils that had been brought together, and 
he illustrated works that had been published about them, 
(vere a foundation for greater progress, and, with the 
'.ighteonth century, the second period in the history of 
)aloontology began.” • 

Diluvial Period . — During the eighteenth century many 
norc books on fpasils were published in western Europe, 
uvd now the prevalent explanation was that they were 
ho remains of the Noachian deluge. For nearly a cen- 
Inry theologians and laymen alike took this vieAV, and 
mmo of the books have become famous on this account, 
)ut the diluvial views sensibly declined with the close 
;)f iho eighteenth century. 

The true nature of fossils had now been clearly deter- 
iniiicd. They wore the remains of plants and animals, 
[leposited long before the deluge, part in fresh water and 
part in the sea. ' ' Some indicated a mild climate, and some 
the tropica. That any of these were extinct species, was 
iiH yet ovfly suspected.” Yet before the close of the cen- 
tury ihoro wore men in England and Franco who pointed 
out that different formations had different fossils and 


dreams, most of them have been called. Marsh says : 

“The dominant idea of the first sixteen centuries of the 
present era was, that the universe was made for Man. This was 
the great obstacle to the correct determination of the position 
of the earth in the universe, and, later, of the age of the earth. 

. . . In a superstitious age, when every natural event is 
referred to a supernatural cause, science cannot live . . .. 

Scarcely less fatal to the growth of science is the age of Author- 
ity, as the past proves too well. With freedom of thought, came 
definite knowledge, and certain progress; — but two thousand 
years was long to wait. ’ ’ 

One of the most significant publications of this period 
was Linnseus’s Systema Naturae, which appeared in 1735. 
In this work was introduced binomial nomenclature, or 
the system of giving each plant and animal species a 
generic and specific name, as Felis leo for the lion. The 
system was, however, not established until the tenth 
edition of the work in 1758, which became the starting 
point of zoological nomenclature. Since then there has 
been added another canon, the law of priority, which 
holds that the first name applied to a given form shall 
stand against all later names given to the same organism. 

Catastrophic Period . — With the beginning of the nine- 
teenth century there started a new era in paleontology, 
and this was the time when the foundations of the science 
were laid. The period continued for six decades, or until 
the time of the Origin of Species. Marsh says that now 
“method replaced disorder, and systematic study super- 
seded casual observation.” Fossils were accurately 
determined, comparisons were made with living forms, 
and the species named according to the binomial system. 
However, every species, recent and extinct, was regarded 
as a separate creation, and because of the usually sharp 
separation of the superposed fossil faunas and floras, 
tb.ese were held to have been destroyed through a series 
of periodic catastrophes of which the Noachian deluge 
was the last, 

Lamarck between 1802 and 1806 described the Tertiary 
shells of the Paris basin. Comparing them with the liv- 


after 1801 that life has been continuous since its origin 
and that nature has been uniform in the course of its 
development. Marsh adds : 

“His researches on the invertebrate fossils of the Paris Basin, 
although less striking, were not less important than those of 
Cuvier on the vertebrates ; while the conclusions he derived from 
them form the basis of modern biology.” 

‘ ‘ Lamarck was the prophetic genius, half a century in advance 
of his time.” 

Cuvier established comparative anatomy and verte- 
brate paleontology, and was one of the first to point out 
that fossil animals are nearly all extinct forms. He 
came to the latter conclusion in 1796 through a study of 
fossil elephants found in Europe. “Cuvier enriched 
the animal kingdom by the introduction of fossil forms 
among the living, bringing all together into one compre- 
hensive system.” This opened to him entirely new 
views respecting the theory of the earth, and he devoted 
more than twenty-five years to developing the theories 
of special creation and catastrophism, described in his 
Discourse on the Eevolutions of the Surface of the Globe. 
“With all his knowledge of the earth, he could not free 
himself from tradition, and believed in the universality 
and power of the Mosaic deluge. Again, he refused to 
admit the evidence brought forward by his distinguished 
colleagues against the permanence of species, and used 
all his great influence to crush out the doctrine of evolu- 
tion, then first proposed” (Marsh). 

In England it was William Smith (1769-1839) who 
independently discovered the chronogenetic significance 
of fossils, and in their stratigraphic superposition indi- 
cated the way for the study of historical geology. He 
first published on this matter in 1799, hut his completed 
statements came in works entitled ‘ ‘ Strata identified by 
Organized Fossils,” 1816-1820, and “ Stratigraphical 
System of Organized Fossils,” 1817. 

Invertebrate paleontology in America during the 
Catastrophic period had its beginning in Lesuenr, who 
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isfied to describe species and genera and to ascertain in a 
broad way the stratigraphic significance of the fossil 
faunas and floras. James Hall in 1854 (17, 312) knew of 
1588 species, described and undescribcd, in the New York 
system, while in England Morris listed in that year 8300 
Paleozoic forms. In 1856 Dana recites the known fossil 
species as follows ( 22 , 333) : The whole number of 
known American species of animals of the Permian to 
Recent is about 2000; while in Britain and Europe, there 
were over 20,000 species. In the Permian we have none, 
while Europe has over 200 species. In the Triassic we 
have none, Europe 1000 species ; Jurassic 60, Europe 
over 4000; Cretaceous 350 to 400, Europe about 6000; 
Tertiary hardly 1500, Europe about 8000. Since that 
time nearly all of the larger American Paleozoic faunas 
have been developed, but there are thousands of species 
yet to be described. Who the more prominent American 
paleontologists of this period were has been told in the 
section on the development of the geological column. 

The grander paleontologic results of the Catastrophic 
period have been so well stated by Marsh that it is worth 
our while to repeat them here: 

had now been proved beyond question that portions at 
least of the earth 's surface had been covered many times by the 
sea, with alternations of fresh water and of land ; that the strata 
thus deposited were formed in succession, the lowest of the scries 
being the oldest; that a distinct succession of animals and 
plants had inhabited the earth during the dilTerent geological 
periods ; and that the order of success ion found in one part of 
the earth was essentially the same in all. More than 30,000 new 
species of extinct animals and plants had now been described. 
It had been found, too, that from the oldest formations to the 
most recent, there had been an advance in the grade of life, both 
animal and vegetable, the oldest forms being among the simplest, 
and the higher forms successively making their appearance. 

It had now become clearly evident, moreover, that the fossils 
from the older formations were all extinct species, and that only 
in the most recent deposits were there remains of forms still 
living . . . Another important conclusion reached, mainly 

through the labors of Lyell, was, that the earth had not been 
subjected in the past to sudden and violent revolutions ; but tbe 



tial respect from those still in progress. Strangely enough, the 
corollary to this proposition, that life, too, had been continuous 
on the earth, formed at that date no part of the common stock 
of knowledge. In the physical world, the great law of ‘cor- 
relation of forces’ had been announced, and widely accepted; 
but in the organic world, the dogma of the miraculous creation 
of each separate species still held sway.” 

Evolutionary Period . — This period begins with 1860 
and the publication of Darwin’s Origin of Species (late 
in 1859) . It is the period of modern paleontology, and is 
dominated by the belief that universal laws pervade not 
only inorganic matter, but all life as well. Louis Agas- 
siz had been in America fourteen years when Darwin’s 
book appeared, and his wonderful influence in bringing 
the zoology of our country to a high stand and the 
further influence he exerted through his students was 
bound to react beneficially on invertebrate paleontology. 
Shortly after the beginning of this period, or in 1867, 
Alpheus Hyatt, one of Agassiz’s students, began to apply 
the study of embryology to fossil cephalopods, showing 
clearly that these shells retain a great deal of their 
growth stages or ontogeny. This method of study was 
then followed by R. T. Jackson, C. E. Beecher, and J, 
P. Smith, and has been productive of natural classifica- 
tions of the Cephalopoda, Brachiopoda, Trilobita, and 
Echinoidea. 

The dominant invertebrate paleontologist of this 
period w^as of course James Hall, who described about 
5000 species of American Paleozoic fossils. He also 
built up the Now York State Museum, while around his 
private collections of fossils have been developed the 
American Museum of Natural History in New York City 
and the Walker Museum at the University of Chicago. 
In his most important laboratory of paleontology at 
Albany, there have been trained either wholly or in 
part the following paleontologists : P. B. Meek, C. A. 
White, R. P. Wliitfield, 0. D. Walcott, C. E. Beecher, 
John M. Clarke, and Charles Schuchert. 

In Canada, through the work of the Gteological Survey 
of the Dominion, came the paleontologists Ellcanah 
Billings and, later on, J. P. Wlaiteaves. The “father of 


and more often rejected and accepted as. a fossil than his 
“dawn animal of Canada,” Eozoon canadense, first 
described in 1865. His son, George M. Dawson, was one 
of the directors of the Geological Survey of Canada. 
Knally the extensive paleontology of the Cambrian of 
Canada was worked out by another self-made paleontolo-r 
gist, G. F. Matthew. 

Paleobotany . — ^American paleobotany was developed 
during this, the fourth period, through the state and 
national surveys, first in Leo Lesquereux, a Swiss stu- 
dent induced by Agassiz to come to America, and in J. S. 
Newberry. The second generation of paleobotanists is 
represented by Lester F. Ward and W. N. Fontaine, 
and the third generation, the present workers, includes 
F. H. Knowlton, David White, Arthur Hollick, and E. W. 
Berry. A new line of paleobotanical work, the histology 
of woody but pseudomorphous remains, has been devel- 
oped by G. R. Wieland. 

The grander results of the study of paleontology dur- 
ing the evolutionary period may be summed up with the 
conclusions of Marsh : 

“One of the main characteristics of this epoch is the belief 
that all life, living and extinct, has been evolved from simple 
forms. Another prominent feature is the accepted fact of the 
great antiquity of the human race. These are quite sufficient 
to distinguish this period sharply from those that preceded it. 

Charles Darwin ’s work at once aroused attention, and brought 
about in scientific thought a revolution which “has influenced 
paleontology as extensively as any other department of science 
... In the [previous period] species were represented inde- 
pendently by parallel lines; in the present period, they are 
indieated by dependent, branching lines. The former was the 
analytic, the latter is the synthetic period.” 

Synthetic Period . — ^What is to be tbe next trend in 
paleontology? Clearly it is to be the Synthetic period, 
one that Marsh in 1879 indicated in these words : “But 
if we are permitted to continue in imagination the rap- 
idly converging lines of research pursued to-day, they 


Bern to meex at me point wnere organic ana inorganic 
ature become one. That this point will yet be reached, 
cannot doubt.” 

This Synthetic period, foreshadowed also in Herbert 
Ipencer’s S}Tithetic Philosophy, has not yet arrived, but 
efore long another great leader will appear. We have 
he prophecy of his coming in such books as The Fitness 
f the Environment, by Lawrence J. Henderson, 1913; 
’he Origin and Nature of Life, by Benjamin Moore, 
913; The Organism as a Whole, by Jacques Loeb, 1916; 
nd The Origin and Evolution of Life, by Henry P. 
>sborn, 1917. 

In all nature, inorganic and organic, there is continuity 
nd consistency, beauty and design. We are beginning 
a see that there are eternal laws, ever interacting and 
esulting in progressive and regressive evolutions. The 
ealization of these scientific revelations kindles in us a 
esire for more knowledge, and the grandest revelations 
re yet before us in the synthesis of the sciences. 


Notes. 

^For more detail in regard to these tillitea and the older ones see Climates 
E Geologic Time, by Cliarles Sohuohert, being Chapter XXI in Hunting- 
)n’a Climatic Factor as Illustrated in Arid America, Publication No. 
52 of the Carnegie Institution of Washington, 1914. Also Arthur P. 
oloman’s presidential address before the Geological Society of America 
i 191C, Dry Land in Geology, published in the Society’s Bulletin, 27, 
75, 1916. 
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A CENTURY OF GEOLOGY — STEPS OF PROG- 
RESS IN THE INTERPRETATION OF 
LAND FORMS 

By HEBBEKT E. GREGORY 

T he essence of physiography is the belief that land 
forms represent merely a stage in the orderly devel- 
opment of the earth’s surface features; that the 
various dynamic agents perform their characteristic work 
throughout all geologic time. The formulation of prin- 
ciple and processes of earth sculpture was, therefore, 
impossible on the hypothesis of a ready-made earth 
whose features were substantially unchangeable, except 
when modified by catastrophic processes. In 1821, J. W. 
"Wilson wrote in the Journal; “Is it not the best theory 
of the earth, that the Creator, in the beginning, at least 
at the general deluge, formed it with all its present grand 
characteristic features?”^ If so, a search for causes is 
futile, and the study of the work performed by streams 
and glaciers and wind is unprofitable. The belief in the 
Deluge as the one great geological event in the history of 
the earth has brought it about that the speculations of 
Aristotle, Herodotus, Strabo, and Ovid, and the illus- 
trious Arab, Avicenna (980-1037), unchecked by appeal 
to facts but also unopposed by priesthood or popular 
prejudice, are nearer to the truth than the intolerant con- 
troversial writings of the intellectual leaders whose 
touchstone was orthodoxy. A few thinkers of the six- 
teenth century revolted against the interminable repeti- 
tion of error, and Peter Severinus (1571) advised his 
students; “Burn up your books . . . buy yourselves 
stout shoes, get away to the mountains, search the valleys, 
the deserts, the shores of the seas. ... In this way and no 



11u> UioroiiKh-g'oin,!^' ‘MUuvialiHt” who helicved that a 
inilllou api'c.'u'a ol’ miiinala could occupy a 4r)0-foot 
Ai'k, hu(. lint dial. ])cl)l)l(',s wcadu'vnd •(‘rmu rock or that 
rivi'fH cnah', had uo uhc For his jiowors oi; observation. 

Sporadic >j,yvnis of a science oF land fonns scattered 
(lin)U”-h (he liti'valure oC tlie sevcuiteeuth and ei<j;hteenth 
eeuiuries I'omul an unl'avorable envii-oninont and pro- 
(hiced iucniis])icumiH Ki't’wl.hs. hiveii their sponsors did 
litde (u eiiUivale duaii. Steno ( Ki.'il-KiHT) mildly su^- 
^resled^ dial surface Hciilptiiriii.i.;', ))a,riicnhii']y on a small 
scale, is larf^'ely (he work of ruuniuf^’ water, and (luottard 
( (Tin I7H(!), a truly mind, f>‘ras])ed the fundamental 
[irinciph'S of denudation and successfully mitonihed his 
views as wi'll as liis repid.ation in scores oi' books and vol- 
umes of cumbrous diffuse writinf>'. 

At (be be^'iiiniim’' oJ' (he nineteenth century a sufficient 
body of princiiiles had lieim established to justify the 
r('coKnition of an earth science, fi,’colop;y, and the 195 vol- 
mucH of the .Journal llms far pubiisheil carry a lar^i^e part 
of the material which has won apiiroval for tlio new 
Mcicuce and fj;iveu proniiiumce to American thoufi,’ht. 
l'’rom the pag'i's in the .Journal, tlu; prof>TesH of ^mology 
may be illustrati'd by tracing the lluctuatiou in the devel- 
opment. of fact and theory as relates l,o valleys and gla- 
cial f(‘iitureH, the subjects i,o which this chapter is devoted. 

The Jntvi'pvcIitfUnh of Valleye. 

The J'loui'evH. 

DesmnrcRt (172.5-181.5) niiglil; he styled tho father of 
jihysiograiihy. dy coucrele e.xamiilcs and sound induc- 
tion he (‘sl.ab’lialuul ( 1774) the doctrine that the_ valleys of 
central l'’rance are forniml by the streams which occupy 
dumi. He also made the tirst attenpit to trace the his- 
tory of a landscape thrmpgh its successive stages im tho 
basis <d’ known cans(>s. I Ms methods and reasoning aro 
jiraclically idmitical with those of Dutton working in tho 
ancient, lavas of New Mexico; and Wbit.iu'y’s description 
of (he '['able Mountains of (bilifornia might well bavo 
appeared in Desniari'st’s memoirs.'" iriio tmichings of 
Desmarest were st rengthened and expanded by DcBaus- 


(1779) who saw in the intimate relation of Alpine 
streams and valleys the evidence of erosion by running 
water (1786). 

The work of these acknowledged leaders of geological 
thought attracted singulai'ly little attention on the Con- 
tinent, and Lamarck’s volume on denudation (Hydvo- 
geologie), which appeared in 1802, although an important 
contribution, sank out of sight. But the seed of the French 
school found fertile ground in Edinburgh, the center of 
the geological world during the first quarter of the nine- 
teenth century. Hutton’s “Theory of the Earth, with 
Proofs and Illustrations,” in which the guidance of 
DeSaussui’e and Desmarest is gratefully acknowledged, 
appeared in 1795. The original publication aroused only 
local interest, but when placed in attractive form by Play- 
fair’s “Illustrations of the Huttonian Theory” (1802), 
the problem of the origin and development of land forms 
assumed a commanding position in geological thought. 
Hutton was peculiarly fortunate in his environment. He 
had the support and assistance of a group of able scien- 
tific colleagues as well as the bitter opposition of Jameson 
and of the defenders of orthodoxy. His views were 
discussed in scientific publications and found their way to 
literary and theological journals, Hutton’s conception 
of the processes of land sculpture — slow upheaving and 
slow degradation of mountains, differential weathering, 
and the carving of valleys by streams — ^has a very 
modern aspect. Playfair’s book would scarcely be out of 
place in a twentieth century class room. The following 
paragraphs are quoted from itd 

“ , . . A river, of which the course is both serpentine and 
deeply excavated in the rock, is among the phenomena, by 
which the slow waste of the land, and also the cause of that 
waste, are most directly pointed out. 

The structure of the vallies among mountains, shews- clearly to 
what cause their existence is to be ascribed. Here we have first 
a large valley, communicating directly with the plain, and wind- 
ing between high ridges of mountains, while the river in^ the 
bottom of it descends over a surface, remarkable, in such a 
scene, for its uniform declivity. Into this, open a multitude of 
transverse or secondary vallies, intersecting the ridges on either 



slrtMini, ])n)p()rli(>ii(‘(l to its luaKuihido ; and, oxoopl; wlioro a 
catarui'l. now and tlusi inl(‘rv('n(‘s, all liavinjjr that uiao adjvist- 
iiuad in llioii* l<*v(‘!.s, wliiali is Ilia. tnoi*(‘ wondoidnl, (Iia 
llin irri‘‘,!:idai‘i(y oT llu^ siirrais!. Tlu'S(^ s(H*ondary valli{‘s have 
otlnM’s oT a smaller si/.(^ opcMiinj^: into thani; and, amonjj^ moan- 
tains of tlj(‘ lii'sl oi’diM*, \v)n‘r(^ all is laid oiil; on tlu' scalo, 

llifsn raniiticalions arn (‘ontiinn’d to a rourlli, and (‘.von a firth, 
oai'li diiuinisliinp: in si/i^ jim it; in(*n‘as(‘s in (^lo.vation, and as its 
su))]j|y oT wati*r is 1(‘m.s. Tlii’oii^h tlnan alt, this law is in ^(ui- 
(*ral ol»soi‘V(‘d, that wlu*r(^ a lii^lu'r valh*y joins a 1ow(U’ on(\ ol: 
Iho l\V(» anj.ch‘S Avhic'li it. ?nak(*s with lli(} lathw, that whi<*li. is 
(»htus(‘ is always on tlui d(‘soondinf^ sidc^; . . . what; t^lsc' l)ul; tho 
water itsoir, working its way tliroiia'h ohstaolos ol: luuuiual 
rosisiaiioc, could hav(^ oja'insl oi’ kopl: np a (sanniunicaitiou 
l)(d.W(‘cn tln^ iiuHpialit.i(‘H ol: an irregular and a.lpin(j suvl'acu^ . . . 

. , . Tiu^ pi'ohahility of such a (•oustiUitiou [arranj^cnutuit of 
valh‘ys| liaviiiM: arisen rroin anotlier cause, is, to tlui j)rohabitily 
of its havin^^ arist'U :from tlu^ runniiifj; ol: water, in sindi a pro- 
f)orlion as unity hears to a inmih(U‘ infinitely ;j:rc*aL 

. . . With Dr. Hutton, wo shall Im dispos(ul to consichw those 
f3;rt*ai, cliains ol' inoun tains, which travto'se. Ilui surlwai of tho 
mdoli(‘, as cut. out ol' niasHcs vastly |L,n’(atti‘r, and moiHi loL'Ly than 
any llunjLC that, now nnmiins, 

h'roiu this {j:radual clianp;** of luk(‘s into riv(U‘s, it follows, that 
a laki‘ is but a, tc'niporary and ma'idi'iiiai ('ondltion ot a river, 
which is tu'cry day a|)i)roa(‘hin^’; to its pM'ininalion ; and tiui 
Irulh oT this is ull(‘st(‘(i, not only l>y Da' lakes that liuvo oxishsl, 
hut also l)y those that con(imn‘. to exist,’ ^ 

H(vi>H Jiavh'iVitrih 

.h4V(‘U Hution’s (ilinir r(‘nsoniii^-, (inuiy InxitresscMl l)y 
(‘on(*.r(‘|.(‘ t‘xnnipl(‘M, was Insurfieitnit to ovio'c^oim^ tin*, ladltvf 
in readymades or viohnitly foi’ined \adlc‘yH ami ori.icinal 
tM>rru/calIous and irr(‘p;ulnrilit‘S oT mountain surracin 
d'lie oT lli(‘ doiu'iitd show that tlu^ t)i*in(‘.iid(‘H laid 

down l)y IMnyInir wena* too I'ar in advaiua* of tlu‘ tiiru^s to 
S(‘e.ur(‘ ”a‘in‘ral a(a‘(‘ptaiua‘. In llu‘. first voluuu*. oT tlu^ 
J(ninml, lln* /.:cor;^^(» (d’ ilu* hhanieJi liroad liiver is assi^pnal 
hy [\ain ((» ^^soine. dreadlul eoinnndmm in nal.ur(‘ wliie.li 
piadjuldy shook tln^se^ inounlaiiis to their bas(‘S,”^ and 
the n:orii:(‘ of tin* loW(‘r (hniiuadie.ut is (*oiisi(l(M*t‘d by 
Ilifelieoek (ISlid)^’ as a. Inaaieh wliieli draiiuui a, S(‘ri(‘S (d* 
lak(‘H *Hnd. niany e(‘nlurii'S hedorc^ tlui stdlbrnnuit ol' this 

H 



flic (ii’sl. (jiiarfcr (if flic niiictcc'iif li ('('iifiii'y is (‘^pressed 
ill flit' iM'vicws in flus .lounuil, where flu' well kiuiwii 
etmelusious ef (fonyheari' inul Ihiilliiis tliaf. sfreuins are 
iueeiiiiiclenf. fo cxcavafi* valh'ys are (iiiofed willi apiiroval 
and admiruf ion is expn'ssed for Ihieklaiitl ’s famous 
“ ih'dipiia' Diluviaiiii', ” a i!()0-])af;'e (iuarl.o \’olume devoted 
fo proof o!' a (lelu;i>’e. 'The prol'i'ssor al Vah*, iSilliiiian, 
and file professor at Oxford, Hnekland, saw that an 
aeei'pfaiK'.e of Hutton’s views involvc'd a ri'inidialiou of 
fli(( Hihlieal flood, and umeli sjiae.e is devoted to eonihatinf' 
fhc'se “('rroiu'ons” and “nnsclontific” views. For ('xmn- 
ple, Buddand says 

. . Tlie {'onend hi'lief is, tliat existing; Htnaiins, 'iviilanrlies 
and lakes, hurstinfic their liarrier.s, are siinieieiil. le necdiml. for 
all llieir phenomena, and not a few KeohiKisIs, espeeially llioso 
of the llnlloniim seliool, al. whose head is .Professor Playfair, 
have fill veeenlly Insni (d' this opinion. . . . Hut it is now very 
(dear to almost, every nmn, who impartially examines the faets 
in r('^^nrd to exislinp; vallies, Hint tlio causes now in aelion, meu- 
lioned ahovo, tiro alfOKidher inade((U!ile. fo their jirodtielion; 
nay, lliat siudi a supposition would involve a pliysieid impo.ssi" 
liilily. We, do not iudieve llmt ono-tliousimdlli ]iart of mir 
lire, sent vailies were e.xeHVfiled liy the power of (‘N’isliii”' siroam.s. 
. . . In vory many eases of large, rivers, it is found, tliat so far 
from tiaving formed tlieir own beds, tliey are aetually in a grad- 
nal mamuu’ filling them nii. 

Again ; how happens it that tho sonree of a river is freciuenlly 
helow Ihe. lieud of a valley, if tlie river e.xeavaled Hint valleyV 

Tlio most powerful argument., however, in our opiidou, 
against tho siippoHilion wo are eomhalitig, is (ho phoucmicnn of 
traiisvorse, ami lougitudiual valleys; liolh of whiidi eould not 
jumsilily have lieeu formed liy (s.xisliug streams.” 

rhillips writes in 1820 d “Tho oxenvation ef valhiys 
can 1)(! asc, filled In no other canso than a great Hood of 
wider Avhic.h, overtojijicd the lulls, whoso sunmuts those 
vallies desc.oiKl. ” 

Faith in Noah’s flood as tho dominant agtnit of erosion 
raiticlly lost ground through the teaching of Idyell after 
IH.'iO, but the tlieory of Hysteniatio chtvelopnieut of land- 
scapes by rivm'H gaitied little, in fact, Serope in IHhO,” 
in Hhowing that tho ontronchod inoaudors of tlut Mosello 



V. hiiraui wai'K, WilH 111 UaVHllCO 

ol' his l']ii;i>'lish coulc'jiiiHHviry. ^ .Jucli'XKl by contribulions 
to llu' .loiii'iialj .Ijyoll’s l('!ic,lfmg siirveil to staiului'cli/A>. 
Amoricau opiiiiou oT cartli swiipturo souiowliat as fol- 
lows: 'I'Jio o(!(>au is tlu! g'roat valloy inakor, but rivers 
also iiiako tlanu; the position of valleys is cleteriuinod by 
ori,t!;iunl or rtuiewed surface iiKuiualities or by faulting; 
('X(!cptioual oeeurnuuHis — eartiiquak(‘S, bursting of lakes, 
uplu-avals and depressions— -liave played an important 
part. Hayes (l<s;ii))'’ thought that the surface of Now 
'I'ork was (iHS(!ntially an upraised sea-bottom modihed by 
erosion ol' waves and ocean currents. Sedgwick (18h8)^“ 
considered high-lying lake basins proof of valleys which 
wer(' slupied under the sea. Many of the valleys in the 
(Jhilian (/'ordillera were thought by Hanwin (1844) to 
have been the work oi' waves and tides, and water gaps 
are ascribed to currents “bursting through the range at 
those iioints where the strata have been least inclined 
and the lieiglit consetpiently is less.” Speaking of the 
juiagnilicumt streaiu-cut canyons of the Blue Mountains 
of Nc'.w South Wales, gorges which lead to narrow exits 
through niouocliues, Darwin says: “To attribute these 
hollows to alluvial action would bo preposterous.’’” 

’Tlu'. inihuuuui of structure Iti the formation of valleys 
is emi)liasi'/('d by many contributors to the Journal. 
Ilildrelh in IHdO, in a valuable paper,'" which is perhaps 
tlu' lirst detailed topograiihic description of drainage in 
folde(l strata, e,xi)ress(n the opinion that the West Vir- 
ginia. ridges and valhiys antedated tlui stiauims and that 
wut(vr gaps though (uit iiy riveu’s involve pre-existing 
lakes. Oeddes (18f!())'" denied that Niagara, Uiver cut its 
<hannel and speaks of valleys whicli “were valleys o’er 
moving spirit bad(i the waters (low.” (lonrad (18;iy)''‘ 
discussi'd I he structural coivtrol of tlu'. Mohawk, the 
Ohio, and the Mississippi, a7id Lieutenant Warren 
(ISoi))”^' concluded that the Niobrara must have orig- 
iunte(l in a lissur(‘. According to L(!sl(iy (18(12)'" 
(lie <’ours(> of the N(iw liiver across the (li’eat Val- 
ley and into tlui Ai)i)alachians “striking tlui (iscai'p- 
m'eut in the fac((” is d('.te.rmined by tlu^ junction of 
aiiti<’linal structuia'S on llie Jiorth with fault(‘d mono- 
clines toward the south; a conclusion in harmony 
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with the views of Edward Hitchcock (1841)^ that major 
valleys and mountain passes are structural in origin and 
that oven subordinate folds and faults may determine 
minor features. “Is not this a beautiful example of 
prospective benevolence on the part of the Deity, thus, 
by means of a violent fracture of primary moun- 
tains, to provide for easy intercommunication through 
alpine regions, countless ages afterwards!” The extent 
of the wandering from the guidance oi DeSaussure and 
Playfair after the lapse of 50 years is shown by students 
of Switzerland. Alpine valleys to_ Murchison (1851) 
were bays of an ancient sea; Schlaginwcit (1852) found 
regional and local complicated crustal movements a satis- 
factory cause, and Forbes (1863) saw only glaciers. 


Valleys Formed hy Fivers. 

One strong voice before 1860 appears to have called 
Americans back to truths expounded by Desmarest and 
Hutton. Dana in 1850'« amply demonstrated^ that val- 
leys on the Pacific Islands owe neither their origin, 
position or form to the sea or to structural factors. 
They are the work of existing streams which have eaten 
their way headwards. Even the valleys of Australia 
cited by Darwin as type examples of ocean work are 
shown to be products of normal stream work. Dana 
went further and gave a permanent place to the Hut- 
tonian idea that many bays, inlets, and fiords are but the 
drowned mouths of stream-made valleys. In the same 
volume in which those conclusions appeared, Hubbard 
(1850)'^“ announced that in New Hampshire the “deepest 
valleys are but valleys of erosion.” The theory that 
valleys are excavated by streams which occupy them 
was all but universally accepted after P. V. Hayden’s 
description^® of Rocky Mountain gorges (1862) and New- 
berry’s interpretation of the canyons of Arizona (1862) ; 
but the scientific world was poorly prepared for New- 
berry’s statement:®’ 

“Like the great canons of the Colorado, the broad valleys 
bounded by high and perpendicular walls belong to a vast system 
of erosion, and are wholly due to the action of water. . . . The 
first and most plausible explanation of the striking surface fea- 
tures of this region will be to refer them to that embodiment ot 



vnlcaun* lorias Tlio (rraiil C’nuoi! oT llu‘ (ic^lorado would l)o 
(Ninsicionul a vasi Iksun’ (;r n»ul. in Iho (»arlh’H (U’lusi;, and Iho 
ahni[>t tiU'niiual ion of tlio sU‘J)h of (la* (ablo lands as juarkin^ 
linos of disjdui'oiiK'nt. d'lils (hoory llu)Ufj:h so phuislhb^, and so 
mlirtdy adoiiimlo to (‘xplain all llu' slrikinj^ ])lioiiomi‘iia, hudcs 
a sinailc* mpiisilo to aoooptaiU‘(‘, and (hat is Irnlli/^ 

AV'idi siu'h s1u]»tni(lniin ('xaniplon in mind, tlio diotTim 
«d‘ lIuUoii Hianiual ia*as()uul)h‘ : is no spot on wliich 

riv(‘r.s niny nol. lornuud}^ ]ia\'o run,’’ 

J><‘iin<[<Uioii hy iiVrar.s. 

^Pli(^ jL’anu'rnl r(‘(U);j;niliou of tlio (U)tnp(dnnoy oC sircniriH 
In Ttjnn vnll(*yH was a n(‘o(‘SHnry pndudc to tlin bvoador 
vu‘\v nxi)rosH(*(l by ,)vdvt‘H (IH(iU)-- 

“I'lio surraoos of onr [)r(‘S(‘ni. lands ai’(» as nmol} oarvtid and 
Houlplui’od Hurfaca's as (lio nualallion <‘arvi‘d from tho slal), or (htv 
slalni! Houlpturtal from tln^ bloo.k. Timy liavt^ bonn ^j:radiially 
nsu'liod by tlio viaiioval of iini rotik that, oma^ ('ovmaal tinau, and 
uro lliomsolvos but of Iransiimi. dni'alioii, always slowly wiislLUfj^ 
from. d(‘oay.’’ 

( kiiil ribnllons to 11ii‘ Journal l)(d.wo(Mi 1850 and 1870 
I'oN'nal a l(Mnl(MU^.y to nttcu‘]it. ^Ttmlor of <M'osinu 

by rivt'rs, bnt iln^ ncHU'ssnry mub])r()(lu(d. of subacirial 
oi‘(}sion a fdain is (irsl (dtmrly (bdimul by ib)\v<dl in 
ISTod-’* In i’onnnhitin^^* liis i<l(ms Powndl int]*odno.(ul tho 
[vrui **bns(» lnvi‘b’^ wliic.b may l)o (odlc'd llu^ word 

old nl* wlilnli lia.s ^n'own llif*. ‘dty^dn of (vi’osionj^ tho 
nnis((»r lvt‘y of nuulorn i>liysio^i‘a])li(n*s. '^Pln* original 
dolinition nl‘ bas(‘-l(^V(d Follows: 

“ \\b* ttiay (‘onsid(‘r lla* lovol of llio sou to bi^ a f^rand basi*- 
b‘Vi‘l, bolow wliirli (bo dry lands oaiinot. bo (*rodi^d ; bul \V(^ may 
atse} Imvo, For bionl and lonipnrai'y pnr[)os(‘S, oilier basi‘-lov(‘ls of 
ornsiom whirli aro tho lovids of I bo IhhIs of lli(‘. prinoi-|)al s(.i’(*ams 
wliirli carry away Ibo i)rotlnclH of orosion. (1 talo' soitu^ librndy 
in iisin*!: Ili(» torm Movcl’ in this omiiioolion, as tin* action of a 
nniiiiii*r sh'iaim in woariiuj^ its olianmd tasisi's, For all ])rao.tioal 
pnrpos»‘s, boforo its IjimI Ims (|ni!o )'oncliod lli(» lov<d of tlii^ lowor 
cimI of tin* strcain, Wind I liavc* oallod tin* basi'Jovol woidd, in 
faid, lu‘ an imaadmiry snrFm-i*, inrlininj^ Hliji:blly in all ils purls 
Nnvard llic 1(0^01' tmd of llic prinoipal sircMim drainiiifj: tin* artsi 



through which the level is supposed to extend, or having the 
inclination of its parts varied in direction as determined by 
tributary streams.) ” 

Analysis of Powell’s view has given definiteness to the 
distinction between “base-level,” an imaginary plane, 
and “a nearly featureless plain,” the actual land surface 
produced in the last stage of subacrial erosion. 

Following their discovery in the Colorado Plateau 
Province, denudation surfaces were recognized on the 
Atlantic slope and discussed by McGee ( 1888) ‘ in a paper 
notable for the demonstration of the use of physiographic 
methods and criteria in the solution of stratigraphic 
problems. Davis (1889)^''’ described the upland of 
southern New England developed during Cretaceous 
time, introducing the term “peneplain,” “a nearly fea- 
tureless plain.” The short-lived opposition to the 
theory of peneplanation indicates that in America at least 
the idea needed only formulation to insure acceptance. 

It is interesting to note that surfaces now classed as 
peneplains were fullj'' described by Percival (1842),-“ 
who assigned them to structure, and by Kerr (1880),-'^ 
who considered glaciers the agent. In Europe “plains 
of denudation” have been clearly recognized by Ramsay 
(1846), Julies (1862), A. Qeikie (1865), Foster and Top- 
ley (1865), Maw (1866), Wynne (1867), Whitaker (1867), 
Macintosh (1869), Green (1882), Richthofen (1882), but 
all of them were looked upon as products of marine work, 
and writers of more recent date in England seem reluc- 
tant to give a subordinate place to the erosive power of 
waves. Americans, on the other hand, have been think- 
ing in terms of rivers, and the great contribution of the 
American school is not that peneplains exist, but that 
they are the result of normal subaerial erosion. More 
precise field methods during the past decade have 
revealed the fact that no one agent is responsible for the 
land forms classed as peneplains; that not only rivers 
and ocean, but ice, wind, structure, and topographic 
position must be taken into account. 

The recognition of rivers as valley-makers and of the 
final result of stream work necessarily preceded an 
analysis of the process of suhaerial erosion. The first 



li(' S(MHU'iu‘(' ri'iimiui'd to bu ('rtluhlislu'il, A. Hi^'uiCuiuut 
milrilmrum to thin pi’obU'iu wuh luiuki by JukoH ( 1802 ).-“ 

. I (luU. Ilu^ liiU'i'iil viilU'yH arc, those, which wore 

r.st. roniicil by I lie lll■aina^;o ruuniu)f dircclly rrom t!ic c.rcsls oil 
10 cliabiH, llu' loiif'iliKliual ones hciii}' Hiihscqucnlly clalioratoil 
loiif' llic sli'ilcc ol' llic .sol'lcj- or more, croilablo beds exposed on 
lU) Hanks (d' llio.se elmins.” 

Powell ’.M (li.soM.ssioii of (uilee,c‘(leut and cmiRciqucnt 
niiiinp;!' (ISTn) and (lilberl’H ciliaiiler on land seuliituro 
:i (lie Henry Mimutaiu veiiorl, (IHHO) are, elassies, and 
ledee’a eonl rilml.ion'-” eonlahiH HiH'nilicunt Hid^g'i'Hl.ionH, 
u(. (be inaHler paperH are l»y Davis,*'' who iid.riHliuKis an 
nulysis of laiul forms based on sl.ruelnre and ap;e by Hie 
tulement; 

“beiiia' fully persuaded of (he f^radtial and Hy.slemnlie evolu- 
(iti of lopo};m])hi<*al foruis i(. is now desired . . . (o sisik the 
niHOH of dm loealioii of wlreams in (heir iireseid. eoiirses; 1,o (ifo 
uric if iiOHsihle. (o (he early dale when eeiil.rn.1 I’ennsylvauia was 
rsl raised from (lie sea, and Iraee. (he, de.velo])nient. of (he, seveiuil 
ver sysleiiiH llien iiiiplanle.d uiioii il from their aneie.ut be}>;iu- 
iii(' to die preseul, lime.” 

That Hiadi a task conhl ba\'e lumn nnderl.aken a quarter 
f a e.eidiiry nf.!,'o and (,o <lay eoiiHiderml a, i»a,i‘(, of every- 
ay (i('ld work shows how eoiniilelely the lost p,'round of a 
aif e.eid.nry has been rep,'ained a,ud bow rapid the 
dvanee in llio kiiowle(l^''e of land senlptiire sine.o the 
aayotiH of (he (lolorado Plateau, were iuLorproted. 

Ffdliii'ctt /ifesu/Z/uf/ from fJlar.Utlloih, 

Tfio I’rotifriu Sfafed, 

Marly In llu' nineleeudi (U'nlury when speenlation 
mpirdiin^ die iiderior of flie earlli ;.;'avn plane in part to 
bserval ions of llie. surfai'e of die earlli, f^eidofrlsts were 
iMil’i'onlml willi perhaps (lie most diCdenlt ))rolilem in (he 
islory «if dll’ seiene.e. As stated by the editor of the 
onrnal in iHhl 

"Tlie almost universal ('xiHlenee, of rolled pelilites, and lionlders 
r I'oek, mil, only on llie maryiii of llm oeeaiis, seas, hikes, lUjd 
iveas; 1ml. Ilie'ir e,\mlem’e, ofleu la enormous qiiaiil.ilies, ia 


banks, imbedded in strata, or scattered, occasionally, in 
fusion, on the face of almost every region, and sometimes on Dm 
tops and declivities of mountains, as well as in the viiilivs 
between them; their entire difference, in many case.s, from the 
rocks in the country where they lie — rounded masses and peh- 
bles of primitive rocks being deposited in secondary and alluvial 
regions, and vice versa; these and a multitude of similar fm-lH 
have ever struck us as being among the most interesting of 
geological occurrences, and as being very inadequately accounl.ctl 
for by existing theories.” 

The phenomena demanding explanation — jumhh'd 
masses of “diluvium,” polished and striated rock, 
bowlders distributed with apparent disregard of topog- 
raphy — were indeed startling. Even Lyell, the great 
exponent of uniformitarianisin, appears to have lost failh 
in his theories when confronted with facts for which 
known causes seemed inadequate. The interest arousetl 
is attested by 31 titles in the Journal during its first two 
decades, articles which include speculations unsupported 
by logic or fact, field observation unaccompanied by 
explanation, field observation with fantastic explanation, 
ex-cathedra pronouncements hy prominent men, sound 
reasoning from insufQcient data, and unclouded rccogui 
tion of cause and effect hy both obscure and prominent 
men. With little knowledge of glaciers, areal geology, 
or of structure and composition of drift, all known foreen 
were called in: normal weathering, catastrophic floodn, 
ocean currents, waves, icebergs, glaciers, wind, and even 
depositions from a primordial atmosphere (Chal)ier. 
1823). Human agencies were not discarded. Speak 
ing of a granite bowlder at North Salem, New York, 
described by Cornelius (1820)'”- as resting on limestone, 
Finch (1824)®- says: “it is a magnificent cromlech and 
the most ancient and venerable monument which Amciviea 
possesses.” In the absence of a known cause, cala' 
strophic agencies seem reasonable. 

The Deluge, 

In the seventh volume of the Journal (1824)^^ we routl : 

‘‘After the production of these regular strata of sand, clay, 
limestone, &c» came a terrible irruption of water from the norlls. 


l^JV/ li 

ftiiMimiioiiH wiih tliliivinl and (‘nrriiul alon^j^ with it; lliOHO 

iDassi'H oi’ ^n’aiiila, aial Ilia ()hl(a' roaka, wlihili attest to 
lln‘ pn‘Si‘nl; day lla^ d(\slr([(‘tiou and ruin ol; a lornior worldd^ 

Aiiodior aiilhor rouuirkB; 

‘AVf /hid a niaiida as it W(u*(‘ of; sand and gravel iudiffcraitly 
aoviu’ing all llit‘ solid strala, aiul ovidenlly diu’ivod from some 
aonvulsiuii winch has lacerated and partly hrokcu up ihoso 
strala. . . 

Till' euiusiroidio ruvoriul by most goologistB was floods 
of^ walnr ^do]t‘nlly r(don.Hial — ‘Svo boliovc,^’ says tlio 
odltor, ‘dliat all K^^iolo^^isis ugroo in imputing . . . tlio 
(liluvinm to the agiuicy of a dedugo at oiui period or 
auoduM*,''*" HucJi (unielusioiiH resUul in no sinall way 
U))ou IlaydeidH woll-knowu treatlso on surlieial deposits 
a volume which dimerve.s a ])romiueni ])lace in 
Amej'iean geologhml litorniuro. !l hiydon oloarly dis- 
iinguislKul the topographic and striietural fiuitnriis of di<‘ 
drift hut found an adcuiuate cause in general wide-spread 
currents which ^dlowed impetuously across the wliolo 
conliiumt . . . from north oast to south Avest.’^ In review- 
ing .llaydeids book Hilliman remarks: 

'*Th(‘ gencnil cuusii of 11u‘S(‘ cnrr(‘nis Mr. TTuydeu concludes 1o 
be tlu^ {l(‘lugii of Nonli. Whih^ no one will ohjc.c.l lo lh(‘, propriiity 
of uscrihing very imuiy, jirohahly mo.si: of our alluvial fcatun*M, 
lo Hull calaslro])lK‘, Wl^ conc.i‘iv(‘. that ncillier Mi*. Ilaydeu, nor 
any (Slier nuin, is liound lo jirove llu^ imnuMliaU', jihysical causci 
of I lint vindici iv(', iiilliidion. 

\V(^ would ))cg l(‘ave to HUggt'.st Hui following ns a (*auHe which, 
vvnj hav(‘ ahh'd in d(*lnging Ihe (»arlli, and whieli, wei'o thm*o 
<H'(»a.sion, mitfhl do it again, 

Tli(‘ cxistciKa* of (uiormouN cavcu’ns in tlu! ))OW(^ls of t;l^(^ (^artli, 
(so ofl(‘ii imagined liy uulhors,) aiipcars (o he no veuy c.xlrava- 
gaiil Hssuinpiion. .It is Iriu^ it cauuot lu‘ iiroviuh hut in a spluu'ci 
of (‘iglit Ihousand mih’s in dianu^tiuA it would appear in no way 
ckI ruordinaiy, lhat nnuiy (‘avitics might (‘xist, wliich colh'ctively, 
or even singly, might wi‘ll contain mudi moiv* Ilian all our 
(u'caiis, siais, and oilu*r supcu'licial wuic.rs, none, of which are 
jirohalily mort* tluiu a lew miles in dcplli. If lheH(^ caviTu's com- 
mimicale in any manner with llu* ot»caiiH, and ar('. (as if llu\y 
(»\isl at all, limy prolialily are,) (illed wilh waier, lln’re. exisl., wi'. 


conceive, agents very competent to expel the water of these cav- 
ities, and thus to deluge, at any time, the dry land.” 

The teachings of Pluyden were favorably received by 
Hitchcock, Struder, and Hubbard, and many Europeans. 
They found a champion in Jackson, who states (1839) 

^^From. the observations made upon Mount Ktaadu, it is 
proved, that the current did rush over the summit of that lofty 
mountain, and consequently the diluvial waters rose to the height 
of more than 5,000 feet. Hence we are enabled to prove, that the 
ancient ocean, which rushed over the surface of the State, was at 
least a mile in depth, and its transporting power must have 
been greatly increased by its enormous pressure.” 

Gibson, a student of western geology, reaches the same 
conclusion (1836) 

''That a wide-spread current, although not, as imagined, fed 
from an inland sea, once swept over the entire region between 
the Alleghany and the Eocky Mountains is established by 
plenary proof. ^ ’ 

Professor Sedgvrick (1831) thought the sudden up- 
heaval of mountains suflicient to have caused floods 
again and again. Tlio strength of the belief in the Bib- 
lical flood, during the first quarter of the 19tli century, 
may be represented by the following remarks of Phil- 
lips (1832) 

"Of many important facts which come under the consideration 
of geologists, the ‘Deluge’ is, perhaps, the most remarkable; and 
it is established by such clear and positive arguments, that if any 
one point bf natural history may be eoi:isiderecl as proved, the 
deluge must be admitted to have happened, because it has left 
full evidence in plain and characteristic effects upon the surface 
of the earth,* ^ 

However, the theory of deluges, Avhetlier of ocean or 
land streams, did not hold the field unopposed. In 1823, 
Granger,®^ an observer whose contributions to science 
total only six pages, speaks of the striae on the shore of 
Lake Erie as 

"having been formed by the powerful and continued attrition of 
some hard body. ... To me, it does not seem possible that water 
under any circumstances, could have effected it. The fiutings in 



lit out hy a ^M'oovin^r pl}im\ 4'lus, runuin^^ waliu* could not 
uor ooulil ilM opiTaliou have produci'd (hat Hiuootli- 

less, which, ill ninny imrts, il, slid nUaiim/’ 

Ilay(‘H nn<l alsu (•(Hiivul (‘Xprc^sscul Himihir vienvn in tlio 
Inunml K! ymirs 

d'lu' idiui (lint icH* wan in Hoiiii* way (unuunnuul with tlio 
ransporlatinu of ilrlft lias had u cuivious history. Tlio 
irst unotpiivcK'nl sfaliaiuuit, liasial on naulin^* and koou 
)l)S(‘rvHl ion, was uiadi^ in llio Journal by .Dobson in 

**T Imvc lind oci’asion to tli^ up a r:i'cal uuiubt'r of howldcvH, of 
’cil HiunlKlonc, and of ilu* (•onalomcralc. hind, in i‘riH*.(in^ a c.ol.loii 
nanuractory; and it was not nncoininou to lind llnsu worn 
iiiiooKi on (lio undci’ siili^, as if doni». hy tiuhr liavinjj: liocu 
lraj*:aod over roi'Us and ai’avclly earth, in ont‘ sliaidy position. 
)n cxamiriitl ion, (hey <‘xliihit scralehes and furrows on the, 
ihratled part; and if atnonp; (he minerals eoinposinjj: llu^ roi'Jc, 
hero hapfa‘ned (o he pehhies of iVhlspnr, or pnai^lz, (Avliieh was 
lot iineounuon,) they usually appeared not lo hi^ worn so mneli 
IS th(‘ rest of (lie slontv, preseiwiiiK (heir moi’e tender ])arlH in a 
ddjL(e, extendinfj^ sonu‘ inehi'S, Whim se.veral of these. ])i‘li))li‘S 
nippen lo he in one. hloelc, (he presei’ved rid|J!:es wei'e. on the same 
lide of the p{‘hhles, so that It is easy lo de.lermine which part of 
Ihe slone moved forward, in the act of wearing’. 

Mdiese bowlders are round, not only on Kie siirfaci', Imt I have 
liseiivered lliem a number of feoi. det'p, in the. earlh, in the liard 
‘omjjound of clay, sand, and Ki’avel. . . . 

1 liiink we cannol aceount for these ap])earances, niiless wo 
['all ill (he aid of ie(» alonf..C wiMi wafer, and that lliey liave liemi 
wiH’ii hy hei UK snspendeil ami cai’ried in ice, over rocks and 
rarih, undim walim/' 

In Dobson’s day lb(‘ hypoilumis of ‘‘ jeii^jjantlo floods,” 
“debacles,” “ nmisi lims worlilAVide curriMiis,” was so 
firmly enlrcncbcd lluil the voic(‘ of tin* observant layman 
found no henrtom, and a lellm* fi’om Dobson to Hii.clK'.oclc 
written in \K\7 and conlniniiu»* additional evidimeo luid 
argument nnnaimnl unpublished viul.il Murcbisoii, in 
jiaid his rimpimls to the reinarkable work of a 
rimiarknbh* man/ 

* IVli’r Pnhieii r 1 7S I I I'lmie if) UjIm fomiiry fmai TroHton, V«hiKhui«h 
ill Isna itml f'aulilejlietl It Uu’lnry at Vi'nioii, C!oiin. 


seiciioo 111 having possessed the original author of the best 
glauial theory, tliough his name had escaped notice; and in 
rccoinmeiiding to you the terse argument of Peter Dobson, a 
previous acquaintance with which might have saved volumes of 
disputation on both sides of the Atlantic.” 

Glaciers vs. Icebergs. 

The glacial theory makes its way into geological lit- 
erature with tliG development of Agassiz (1837) of the 
views of Venetz (1833) and Charpenticr (1834), that the 
glaciers of the Alps once had greater extent. The bold 
assumption was made that the surface of Europe as far 
south us the shores of the Mediterranean and Caspian 
seas was covered by ice during a period immediately 
preceding the present. The kernel of the present gla- 
cial theory is readily recognizable in these early works, 
but it is wrapped in a strange husk : it was assumed that 
the Alps were raised by a great convulsion under the 
ice and that the erratics slid to their places over the 
newly made declivities. The publication of the famous 
“Eliides sur lea Glaciers” (1840), remarkable alike for 
its clarity, its sound inductions, and wealth of illustra- 
tions, brought the ideas of Agassiz more into prominence 
and iiuvugurnted a 30-yGars ’ war with the proponents of 
currents and icehorgs. The outstanding objections to the 
theory were the requirement of a frigid climate and the 
demand for glaciers of continental dimensions; very 
strong objections, indeed, for the time when fossil evi- 
dence was not available, the great polar ice sheets were 
uiu'xplored, and the distinction between till and water- 
laid drift had not been established. 

The glacial theory was cordially adopted by Buck- 
land (1841 and in part hy Lyell in England but 
viewed with suspicion by Sedgwick, Whew ell, and Man- 
tel!. Tn America the response to the new idea was 
immediate. Tlitchcock (1841)^''^ concludes an able dis- 
cussion with the statement: “So remarkably does it 
solve most of the phenomena of diluvial action, that I am 
Gonstrfvinod to Im.licvc its fundamental principles to be 
founded in truth.” 

The theory formed the chief topic of discussion at the 


ologists and Naturalists (1842, 1843) under tlie lead 
a committee on drift consisting of Emmons, W. B. 
gers, Vanuxcm, Nicollet, Jackson, and J. L. Hayes, 
c result of these discussions was a curious reaction, 
tchcock complained that he ‘^had been supposed to be 
advocate for the unmodified glacial theory, but he had 
7cr been a believer in it,” and Jackson spoke for a 
mber of men when he stated 

his countiy exhibits no proofs of the glacial theory as taught 
Agassiz but on the contrary the general bearing of the facts 
against that theory. . , . Many eminent men incautiously 
braced the new theory, which within two or three years from 
proTuulgation, liad been found utterly inadequate, and is now 
tndoned by many of its former supporters,” 

[t of this symposium came also the strange contribn- 
n of IT. D. Eogors (1844) who cast aside the teach- 
es of deduction and observation and returned to the 
iws of the Medievalists. 

Hf wo will conceive, then, a wide expanse of waters, less per- 
ps than one thousand feet in depth, dislodged from some high 
dhorii or circ.nmpolar basin, by a general lifting of that region 
perhaps a few luindred feet, and an equal subsidence of the 
miry south, and imagine this whole mass converted by earth- 
[iko pulsations of the breadth which such undulations have, 
o a s(‘.rics of stiipcuidous and rapid-moving waves of transla- 
n, ]iel])cd on hy the still moi’o rapid flexures of the floor over 
icli Huy mov(‘, and then advert to the shattering and loosen- 
r; power ol’ the 1.r(m urn dons jar of the earthquake, we shall have 
agent ndcuiuate hi iwcny way to produc.e the results we sec, to 
lit I he nortlun’u ice fi‘om its moorings, to rip off, assisted with 
aid, till? out(»rops of tho hardi'st strata, to grind up and strew 
do their fragnumts, to sc.onr down tlie whole rocky floor, and, 
theriiig <?ni'rgy with ri^sislanci', to sw(‘ep up the slopes and over 
:i highi?st mountains.” 

TTocuuso of ilu? prominence of their cunthor, Eogers’s 
GAVS oxert(?(l sonu? influenco and seemingly received 
pport from England througli the elaborate mathematic 
scussimis of Wliowell (1848), who considered the drift 
^^rresistilde ])roof of paroxysmal action,” and Hop- 
ns 0852), who contended for ‘‘currents produced by 
poated elevatory movements.” 


iaio cixiivctx XU xxixxux lucx yxu'icKJjf xx^ciooxzi >3 xiiiiu- 

ence was felt, and his paper on the erratic phenomena 
about Lake Supexior (1850), in which he called upon 
the advocates of wxiter-borne ice to point out the barrier 
which caused the current to subside, produced a salu- 
tary effect; yet Desor (1852 states that in the region 
described by Agassiz assumption [of a general ice 
cap] is no longei" admissible/’ and that the bowldei's on 
Long Island were transported on ice rafts along the sea 
shore and stranded on the ridges and eminences which 
were then shoals along the coast.” Twenty years of 
discussion were insufficient to establish the glacial theory 
either in Europe or America. The consensus of opinion 
among the more advanced thinkers in 1860 is expressed 
by Danad'^ 

*'In view of the whole subject, it appears reasonable to con- 
clude that the Glacier theory affords the best and fullest 
explanation of the phenomena over the general surface of the 
continents, and encounters the fewest difficulties. But icebergs 
have aided beyond doubt in producing the results along the 
borders of the continents, across ocean-channels like the German 
Ocean and the Baltic, and possibly over great lakes like those of 
North America. Long Island Sound is so narrow that a glacier 
may have stretched across it,” 

Papers in the Journal of 1860-70 show a prevailing 
belief in icebergs, but the evidence for land ice was 
accumulating as the deposits became better known, and 
in 1871 field workers speak in unmistakable tones 

is still a iuoo1:ed question in American geology whether the 
events of the Glacial era were due to glaciers or icebergs, , , . 
American geologists are still divided in opinion, and some of the 
most eminent have pronounced in favor of icebergs. 

Since, then, icebergs cannot pick up masses tons in weight 
from the bottom of a sea, or give a general movement southward 
to the loose material of the surface; neither can produce the 
abrasion observed over the rocks under its various conditions; 
and inasmuch as all direct evidence of the submergence of the 
land required for an iceberg sea over New England fails, the 
conclusion appears inevitable that icebergs had nothing to do 
with the drift of the New Haven region, in the Connecticut 
valley; and, therefore, that the Glacial era in central New Eng- 
land was a Glacier era.” 


wer Trovinccs of Canada. In spite of the increasing 
,rity of the evidence, the battle for the glacial theory 
.s not yet won. The remaining opponents though few 
number were distinguished in attainments. Dawson 
ing to the outworn doctrine until his death in 1899. 

A.n interesting feature of the history of glacial theories 
the calculation by Maclaren (1842)^ that the amount 
water abstracted from the seas to form the hypo- 
itical ice sheet would lower the ocean-level 350 feet — 
early form of the glacial control hypothesis (see 
ily”’). 


Extent of Glacial Drift* 

By the middle of the nineteenth century, it was recog- 
/.ed that the “drift,” whatever its origin, was not of 
)rld-wide extent. In America its characteristic features 
;re found best developed north of latitude 40 degrees ; 
Europe, the Alps, the Scottish Highlands, and Scandi- 
.via were recognized as type areas. The limits were 
lassigned, partly because the field had not been sur- 
yed, l)ut largely because criteria for the recognition of 
ift had not been established. The well-known hillocks 
id ridges of “diluvium” and “alluvium” and “drift” 
Now .Tersey and Ohio, and the mounds of the Missouri 
itou elaborately described by Catlin (1840)'''- bore 
;tlo resemblance to the walls of unsorted rock which 
and as moraines bordering Alpine glaciers. _ The 
range sand of Mississippi was included in the drift by 
ilgard (IRGG and the gravels at Philadelphia by 
all (ia7G).‘''‘ Stevens (1873 described trains of gla- 
al cri'atica at Eichmond, Virginia, and William B. 
ogers (187G)''’‘’ accounts for certain deposits in the Poto- 
ac, James, and Eoanoko rivers by the presence of 
loistocene ice tongues or swollen glacial rivers, and 
marks: “It is highly probable that glacial action had 
uch to do with the original accumulation pf the roclcy 
finds on the tlanlrs of the Blue Eidge, and in the Appa- 
ehian valleys beyond.” Kerr _(1881)»" referred the 
icient erosion surface of the Piedmont belt in North 
arolina to glacial denudation, De la Beche compared 


Agassiz interpreted soils of Brazil as glacial. 

The first detailed description and unequivocal intei’- 
pretatioii of either terminal or recessional moraines is 
from the pen of Gilbert (1871),®^ geologist of the Ohio 
Survey. In discussing the former outlet of Lake Erie 
through the Fort Wayne channel, Gilbert writes: 

*^The page of history recorded in these phenomena is by no 
means anibiguons. Tiie ridges, or, more properly, the ridge 
which determines the courses of the St Josepli and St. Marys 
rivers is a buried terminal moraine of the glacier that moved 
south westward through the Maumee valley. The overlying Erie 
Clay covers it from sight, but it is shadowed forth on the surface 
of that deposit, as the ground is pictured through a deep and 
even canopy of snow. Its irregularly curved outline accords 
intimately with the configuration of the valley, and witli the 
direction of the ice markings; its concavity is turned toward 
the source of motion ; its greatest convexity is along the line of 
least resistance. 

South of the St. Marys river are other and numerous moraines 
accompanied by glacial striae. Their character and courses 
have not yet been studied ; but their presence carries the mind 
back to an. epoch of the cold period, wdien the margin of the ice- 
field was farther south, and the glacier of the Maumee valley was 
merged in the general mass. As the mantle of ice grew shorter — • 
and, in fact, at every stage of its existence — its margin must have 
been variously notched and lobed in conformity witii the contour 
of the country, tlie higher lands being first laid hare by the 
encroaching secular summer. Early in the liistory of this 
encroachment the glacier of the Maumee valley constituted one of 
these lobes, and has recorded its form in the two moraines that 
I have described.^’ 

Three years after the recognition of moraines in tlio 
Maumee valley, Chamberlin (1874)^'^^ showed that the 
seemingly disorganized mounds and basins and ridges 
known as the Kettle range of Wisconsin is the terminal 
moraine of the Green Bay glacier. At an earlier date 
(1864) Whittlesey interpreted the kettles of the Wis- 
consin moraine as evidence of ice blocks from a melting 
glacier and presented a map showing the southern 
limit of boulders and coarse drift.” In 1876 attention 
was called to the terminal moraine of New England by Q. 




larence King. 

With the observations of Gilbert, Chamberlin, and 
ing in mind, the terminal moraine was traced by 
irious workers across the United States and into 
anada and the extent of glacial cover revealed. Fol- 
wing 1875 the pages of the Journal contain many con- 
ibutions dealing with the origin and structure of 
oraines, eslcers, kames, and drumlins. Before 1890 
/enty-eight papers on the glacial phenomena of the Erie 
id Ohio basin alone had appeared. By 1900 substantial 
jreement had been reached regarding the significant 
laturea of the drift, the outline history of the Great 
akes had been written, and the way had been paved for 
ratigraphic studies of the Pleistocene, which bulk large 
I the pages of the Journal for the last two decades. 


Epochs of Glaciation^ 

For a decade following the general acceptance of the 
acial origin of “diluvium,” the deposits were embraced 
3 “drift” and treated as the products of one long period 
; glacial activity, and throughout the controversy of 
eberg and glacier the unity of the glacial period was 
iiquestioncd. Beds of peat and fossiliferous lacustrine 
iposits in Switzerland, England, and in America and 
le recognition of an “upper” and a “lower” diluvium 
Y Scandinavian geologists suggested two epochs, and as 
le examples of such deposits increased in number and 
became evident that the plant fossils represented forms 
smanding a genial climate and that the phenomena 
ere seen in many countries, the belief grew that minor 
Lictuations or gradual recession of an ice sheet were 
[adequate to account for the phenomena observed. 

It is natural that this problem should have found its 
Jution in America, where the Pleistocene is admirably 
isplayed, and whore the State and Federal surveys were 
jtivcly engaged in areal mapping. In 1888 Chamber- 
n*'" proaontod his views under the bold title, “Prelhn- 
iai*y Paper on the Terminal Moraine of the Second 
lacial Epoch,” and the existence of deposits of two or 
tore ice sheets and the features of interglacial periods 


ill the Journal led by Chamberlin, Wright, Upham and 
Dana.*" Contributions since 1895 have been concerned 
with the dogrco rather than the fact of complexity, and 
continued study has resulted in the general recognition 
of five glacial stages in North America and four in 
Europe. 


The Loess as a Glacial De)?osit» 

A curious side-product of the study of glaciation in 
North Anaerica is the controversy over the origin of loess. 
The interest aroused is indicated by scores of papers in 
American iicriodicals and State reports of the last quar- 
ter of the 19tli century — papers which bear the names of 
prominent geologists. 

The “loess” in the valley of the Rhine had long been 
known, but tho subject assumed prominence by the pub- 
lication in 1866 of Pumpelly’s Travels in China.*’^ Wide- 
spread deposits 200 to 1,000 feet thick were described as 
very fine-grained yellowish earth of distinctive structure 
without stratification but penetrated by innumerable 
tubes and containing land or fresh-water shells. Pum- 
pclly considered these deposits lacustrine, a view which 
found general acceptance though combated by Kingsniill 
(1871),'"' who argued for marine deposition. Baron Von 
Richthofen’s classic on China, which appeared in 1877, 
amplifies the observations of Pumpclly and marshals the 
evidence to support the hypothesis that the loess is wind- 
laid both on dry land and within ancient salt lakes. The 
conclusions of Von Richthofen were adopted by Pumpelly 
whose knowledge of the Chinese deposits, supplemented 
by studies in Missouri, of which State he was director of 
the Geological Survey in 1872-73, placed him in position 
to form a correct judgment. He says i"' 

“Recognizing from personal observation the full identity of 
character of the loess of northern China, Europe and the Mis- 
souri Valley, I am obliged to reject my own explanation of the 
origin of the Chinese deposits, and to believe with Richthofen 
that tlie true loess, wherever it occurs, is a sub-aerial deposit, 
formed in a dry central region, and that it owes its structure to 
the formative influence of a steppe vegetation. 

Tho one weak point of Richthofen’s tlieory is in the evident 


WIkmi wi* iMinsidfr \ \n\ iiuuu'uso {irca, coviMV.d by Ukihs U) depths 
vaiyinfx riMJiu bO lo 'J, ()()() IVpi, mid {\n\ Tael that this is only tho 
wvy liiirsl pnriiou id’ the. ]n'i>d\u‘i, oT roek-destnudion, and ajj^ahi 
llial the aiMMiinulat ion rcpri'scnls only a viny sliorl. period oi* 
lime, '^eiilonneidly spealdiin*. surely we nmsl. s(‘t‘k a. mori* i'ertilo 
snuree of supply (liau is rurnislied by tho eiirroiU; ileeompositioii 
oT reek surt'aee. 

It seems In me that (here. ni‘e two impoi’tant sourees: L Tho 
sill lirourild i>y rivers, many of I hem I’e.d by llu^ ]>rodue.ts oi! 
fdaeial allrilion llowiiijj: Trom the. luounlains into the eeutral 
re{doin Where lln^ sli’eauis sink away, or wliere. tlu^ lakes whieli 
reeeive (hem have dried up, (he liner pi'odue.ls of tlie erosion 
(iT a larae lerrilory are left lo be. removed in dust slorius. 

II. The .seeoiid . . . soureii is the residuary proiluels of a 
seeiilar disinlejvratioii.” 

M'lie oNiilniiei* pm^siuitod liy .lTuni)idly for tlio coluiu 
origin nl’ Iness slriudiin', texiiin^, o()ui})()siiion, fossil 
couleid and I op^tTtapliic, position ■ is (U)ini)loti‘, and to liim 
Imloiu-vs lilt* ei’edit Tor llu* (‘onaad. inU’vprcdalion ol: tho 
.Mississippi valley di*posi(s, I furorUinalely Ills contribu- 
tion caiiu* a(. a limo whoa (ho /i^tuilo^'lsls of tho contral 
Slait‘s worn iiiloiit on Irac.iii;^ tho ]nd.hs and oxiiluhiin^* 
(In* work td’ Idoistocono ‘>:laoiors, and tho l)tdi(T was 
slrona: dial loess was sonio ]diaso of ;i;lac.ial work. Its 
position at the border of llio lowaii drift so oliviously 
siiiviti'sis a ^coiietio ndidioii llial lln^ fossil (n^hhnuu^ of 
sloppo oliiiiato suicKi’Htod liy Binni'y in was niini- 

uii/od. Sludenis cd’ I Moislocoin* Miiinosota,, 

Iowa, Nehraska, Missouri, alllnaiiL^h Itms vi^'orous in 
I'xpressinn, were snhslauthdly in aa;ri*i‘nu'nt with llileau’d 
‘“MMu* simi total of nnoinalous (uiiiditions 
ret|uired to sustain llu* ooliau hypothesis parlala'S 
stronicly of (ho niarvellons.^’ h'lu* last (‘dition of Daiiads 
Mainmt. ISUI. nntl of Isdhniltds {loolo),^y, 1WH), the two 
uiosl widely used lest hooks ol' 11u*ir tinu', op])()so tlio 
euliaii theory, and ( ‘liaiuhorHii, in slntt‘s: ^Mdio 

atpioouH hvpotht*.sis smuns host supporlc’d so lur ns cou- 
nuuis tin* dep»'^^’d.s of llio Mississip])! Valh*y and wosin, rn 
Kuropi'** fp. Tiio). Shhiiok, in pniu*rs ]nihlisho(l sinco 
iSilC has shown (hat atiualio. and (•oiidilions can 

not ai'oounl for the loess fossils, and the rol.nrii to ilio 
views of Puinpelly that llu* loess Avas dopnsitc.d on land 



now all but universal. 


Glacial Sculpture, 

Within the present generation sculpture by glaciers has 
received much attention and has involved a reconsidera- 
tion of the ability of ice to erode which in turn involves 
a crystallization of views of the mechanics of moving ice. 
The evidence for glacier erosion has remained largely 
physiographic and rests on a study of land forms. In 
fact, the inadequacy of structural features or of river 
corrasion to account for flat-floored, steep-walled gorges, 
hanging valleys, and many lake basins, rather than a 
knowledge of the mechanics of ice has led to the present 
fairly general belief that glaciers are powerful agents of 
rock sculpture. The details of the process are not yet 
understood. 

Erosion by glaciers enters the arena of active discus- 
sion in 1862-63. The possibility had been suggested by 
Esmark (1827) and by Dana (1849) in the description of 
fiords and by Hind (1855) with reference to the origin 
of the Great Lakes. It appears full-fledged in Ramsay’s 
classic, which was published simultaneously in England 
and in America.®® The argument runs as follows: 
There is a close association of ancient glaciers and lakes 
especially in mountains; glaciers are amply able to 
erode; evidences of faulting, special subsidence, river 
erosion, and marine erosion are absent from the lake 
basins of Switzerland and Great Britain. To quote 
Ramsay ; 

“It required a solid body grinding steadily and powerfully in 
direct and heavy contact with and across the rocks to scoop out 
deep hollows, the situations of which might cither he determined 
by unequal hardne.sa of the rocks, by extra wciglit of ice in 
special places, or by accidental circumstances, the clue to which 
is lost from our inability perfectly to reconstruct the original 
forms of the glaciers.” 

“I believe with the Italian geologists, that all that the glaciers 
as a whole effected was only slightly to deepen the.so valleys and 
materially to modify their general outlines, and, further (a the- 
ory I am alone responsible for) , to deepen them in parts more 
considerably when, from various causes, the grinding power of 
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ands of Switzerland, the Miocene strata are comparatively soft/' 

Whittlesey (1864) considered that the rock-bound 
akes and narrow hays near Lake Superior were partly 
excavated by ice. LeConte (1875)'^^ records some sig- 
lificant observations in a pioneer paper on .glacier 
irosion which has not received adequate recognition, 
"le says : 

. I am convinced that a glacier, by its enormous pressure 
Liid resistless onward movemeut, is constantly 'breaking off large 
docks from its bed and bounding walls. Its ei’osion is not only a 
grinding and scoring, but also a crushing and breaking. It 
nakes by its erosion not only rock-meal, but also large rock- 
hips. ... Its erosion is a constant process of alternate rough 
moing and planing. 

If Yosemite were nnique, we might suppose that it was 
brmed by violent cataclysms; but Yosemite is not U7nque in 
'orm and therefore probably not in origin. There are many 
7osemitcs. It is more philosophical to account for them by the 
'egiilar operation of known causes. I must believe that all these 
leep perpendicular slots have been sawn out by the action of gla- 
ders; the peculiar verticahty of the walls liavmg been determined 
iy the perpe^idicular cleavage sirucUire.^^ ... A lake in Bloody 
!)anyon ‘Ms a piire rock basvi scooped out by the glacier at this 
3 laee. . . . These ridges [separating Hope, Faith, and Charity 
/alleys] are in fact the lips of consecutive lake basins scooped 
mt by ice. 

. . . Water tends to form deep V-shaped canons, while ice pro- 
luces broad valleys with lakes and meadows. ... I know not 
low general these distinctions may be, but certainly the Coast 
*ange of this State is characterized by rounded summits and 
ddges, and deep V-shaped canons, while the high Sierras are 
diaracterized on the contrary by sharp, spire-like, comb-like 
aimmits, and broad valleys ; and this difference I am convinced 
s due in part at least to the action of water on the one hand, 
ind of ice on the other. 

King (ISTS)"^’ assigned to glacial erosion a command- 
.ng position in mountain sculpture. In regard to the 
[lintas, he says : 

“Glacial erosion has cut almost vertically down through tho 
jeds carving immense amphitheatres with basin bottoms con- 
;aining numerous Alpine lakes. . . . Post-glacial erosion has done 


evidence, so far as I can see, to warrant the belief that these 
U-shaped canons were given their peculiar form by other means 
than the actual ploughing erosion of glaciers. ...” 

These contributions from the Cordilleras corroborat- 
ing the conclusions of Ramsay (1862), Tyndall (1862), 
Jukes (1862), Hector (1863), Logan (1863), Close (1870), 
and James Geikie (1875), made little impression. The 
views of Lyell (1833), Ball (1863), J. W. Dawson (1864), 
Falconer (1864), Studer (1864), Murchison (1864, 1870), 
Raskin (1865), Rutimeyer (1869), Whymper (1871), 
Bonnoy (1873), Pfaff (1874), Gurlt (1874), Judd (1876), 
prevailecl, and the conclusions of Davis in 1882'^^ fairly 
expressed the prevailing belief in Europe and in 
America : 

“The amount of glacial erosion in the central districts has 
heen very considerable, but not greatly in excess of pre-glacial 
soils and old talus and alluvial deposits. Most of the solid rock 
that was carried away came from ledges rather than from val- 
leys; and glaciers had in general a smoothing rather than a 
roughening effect. In the outer areas on which the ice advanced 
it only rubbed down the projecting points; here it acted more 
frequently as a depositing than as an eroding agent.” 

During the past quarter-century the cleavage in the 
ranks of geologists, brought about by Ramsay’s classic 
paper, has remained. Fairchild and others in America, 
Heim, Bonney, and Garwood in Europe argue for insig- 
nificant erosion by glaciers; and Gaiinct, Davis, Gilbert, 
Tarr in America followed by Austrian workers present 
evidence for erosion on a gigantic scale. A perusal of 
the voluminous literature in the Journal and elsewhere 
shows that the difference of opinion is in part one of 
terms, the amount of erosion rather than the fact of 
erosion ; it also ai’ises from failure to differentiate the 
work of mountain glaciers and continental ice sheets, of 
Pleistocene glaciers and their present diminished repre- 
sentatives. The irrelevant contribution of physicists has 
also made for confusion. 

It is interesting to note that the criteria for erosion 
of valleys by glaciers has long been established and 
by workers in different countries. Ramsay (1862) in 
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ovidoncch ^ ILoctor ^(. 1.803) in New Zealand pointed out 
tlio ai^^iiilioanoo oi discordant drainag'G, tlie “hanging 
valloya” oi.' (iilbort. The U-forni, the broad lake-dotted 
door, and Iho preaeneo of cirques and the process of 
plucking were [n-obahly first described by LoConto 
(1873) in Auuirica. d?lie truncation of valley spurs by 
glacicn-s i)ointed out by Studer in the Kerguelen Islands 
(1878) was used by Cluunberlin (1883) as evidence of 
glacial scouring. 

Conclusion, 

During the past century many principles of land 
sculpture iluv(^ emergetl from tlio fog of intellectual 
speculation and unorganized observation and taken their 
place a.mong giuuu-ally acciepted trutlis. Many of them 
are luj longe.r subjects of controversy. Krosion has 
found its place as a major geologic agent and has given 
a new conception of nalural scenery. Lofty mountains 
arc no bmgcu- “anc/umt as the sun,” they are youthful 
features in proc.c'ss of dissection; valleys and canyons 
are the work of sl.rc.ams and glaciers; fiords arc erosion 
forms; wai.erfalls and laki's are features in process of 
cliniiimtimi ; many iilnins and iilateans owe their form 
and position to long-emitiinu'd denudation. Modern 
InndHcapes are no longer viewed as original features or 
the pimduct of a slnglo ageiit ae.iing at a particular time, 
but a.s epliemeral foi'ins wlileh owe, ilielr pro, sent appear- 
ance to ib(‘ir age and the particular i'orcos at work upon, 
them u.s well as to their original slructuro. 

It is infcrcstliig lo tiolc lltc lialtiiig steps leading to the 
present viewpoini, to liiul tliat deciules elaiisod between 
the formulalinn of a llieoi'y or the reeording of signifi- 
cant Caeis and (lieir final ne.ecipianee or rejection, and to 
rcudi'/.e that Hie organi'/alion of ]irineipl('H and nhserva- 
tions into a seietiee of iiliysiography lias been the work 
of (be p reseiil. generalioii. I 'regress has btum condi- 
tioned by a mmilier of fnelors liesides the iulellectual 
ability oi’ individual workers. 

Tlie iiilliieiiee of Ideality is jilnliily seen. Conviiiciug 
cvideuei* of river erosion was oblaiiual in central hhaince, 
llic I’acific Islands, and ilie Colorado I’lntean — regions 


by glaciers passed beyond the theoretical stage when the 
simple forms of the Sierras and New Zealand Alps were 
described. The origin of loess was first discerned in a 
region where glacial phenomena did not obscure the 
vision. The complexity of the Glacial period asserted by 
geologists of the Middle West was denied by eastern 
students. The work of waves on the English coast 
impressed British geologists to such an extent that plains 
of denudation and inland valleys were ascribed to 
ocean work. 

In the establishment of principles, the friendly inter- 
change of ideas has yielded large returns. Many of the 
fundamental conceptions of earth sculpture have come 
from groups of men so situated as to facilitate criticism. 
It is impossible, even if desirable, to award individual 
credit to Venetz, Gharpentior, and Agassiz in the formu- 
lation of the glacial theory; and the close association of 
Agassiz and Dana in New England and of Chamberlin 
and Irving in Wisconsin was undoubtedly helpful in 
establishing the theory of continental glaciation. From 
the intimate companionship in field and laboratory of 
Hutton, Playfair and Hope, arose the profound influence 
of the Edinburgh school, and the sympathetic cooperation 
of Powell, Gilbert, and Dutton has given to the world its 
classics in the genetic study of land forms. 

The influence of ideas has been closely associated with 
clarity, conciseness, and attractiveness of presentation. 
Hutton is known through Playfair, Agassiz’s contribu- 
tions to glacial geology are known to every student, while 
Venetz, Charpentier, and Hugi are only names. Cuvier’s 
discourses on dynamical geology were reprinted and 
translated into English and German, but Lamarck’s 
“liydrogeologie” is known only to book collectors. The 
verbose worlds of Guettard, although carrying the same 
message as Playfair’s “Illustrations” and Desmarest’s 
“Memoirs,” are practically unknown, as is also Horace 
H. Hayden’s ti’eatise ( 1821 ) on the drift of eastern 
North America. It has been well said that the world- 
wide influence of American physiographic teaching is due 
in no small part to the masterly presentations of Gilbert 
and Davis. 



IL MurpriHuifr 10 nolo 1110 cioiays, tlie backward steps, 
11(1 (lie (luphoaliou ol’ oITort resulting from lack of 
amiluirity with the work of the pioneers. Sabine says 
ii 1,S(M:''=' 

"Tl. ol’len ImiiiKMiH, not um\)U:nriilly, that those who are most 
ccuiucd Willi Dll' (iiii'KlioiiH of the day in an advancing aeieneo 
elum )nit an imperfect reeolleeliou of the ohligations duo 
[) tlioso- wild laid Ihe lirsl; fmindationa of our suhseciuent 

Tlu' product of iutelleclual effort appears to bo con- 
.itioued liy lime of iilnntiiig and charaeter of soil as well 
s by (luniitil.y of seed, hhir example: Erosion by 
ivers was hh eh'iirly slmwii by Desmarest ns liy Dana and 
lewlten-y fil) years liileii (Irileria for llio recognition of 
iieieni Iluvial ile de]HisllH wan'e ('slablislied by (Ttimcs 
)eane in IW-I-T in a sindy of ilie (lonnecticnt Valley 
’rhi.s.sici. Agassi'/ ’_H proof (Iml, ice is an essential factor 
II Ihe roniiulion oj’ till is siihstantially a duplication of 
lohson’s oliservalions (IM'Jli), 

d'he volumes of (ho .rounuil wdlh their very largo nnm- 
er of (irlieles and reviews dealing with geology show 
hat (he iuleriin’lation of land forum as products of 
ulmih'ia! erosion liegnn in Evaiuie luul Drench Swit/er- 
uid during Uie later part of (In' eiglil.ei'iith century as a 
iliasi' (d' (lie inielleetmil emaueiimtion following (he Bov- 
hilioii. Scot land and I'lnglaiid assumed the leadership 
or (he first hiilf id' the niiieli'enlh century, and the first 
()() volumes of (he doiirnal show (he profoinid influence 
f Mtiglisli mid l''retieh teacliiiig, hi America, indepond- 
iit (hiiiking, early ('xi'rcised liy (lie few, hecanie general 
,-i(h (he eslalilislmu'iit of (he Di'dera! survey, the inoreaso 
II miiversity deparlmenls, geological societies and pori- 
dieiilH, and has given (o Americium the respousibllities 
f (eaeherH. 
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A CENTURY OF OEOLOGY THE OROWTII OF 

KNOWLEDGE OF EARTH STRUCTURE 

By JOHEPir BABBI3BL 


IntrodticUon 


The Intellectual Viewpoint in 1818. 

I N 1818, iho ycai’ of tho founding of the Journal, the 
natural scicmcos were still in their infancy in Europe, 
(toology was still subordinate to mineralogy, was 
hardly rocognizod as a distinct science, and consisted in 
little more than a description of the character and distri- 
bution of minerals and rocks. America was remote from 
tho Old World centers of learning. Tho energy of tho 
young nation was absorbed in its own expansion, and but 
a few of those who by aptitude wore fitted to increase 
scientific knowledge were oven conscious of the existence 
of sucli a field of endeavor. Under these circumstances 
the educative field open to a journal of science in tho 
United States was an almost virgin soil. Original con- 
tributions could moat readily bo based upon the natural 
history of tho New World, and tho founder of tho Journal 
allowed insight appreciative of tho situation in stating in 
tho “.Plan of the. Work” in the introduction to the first 
volume that “It will be a leading object to illustrate 
AMiutioAN' Na'iutkau lliKTOBY, aiul cspccially our Mnsr- 
nitAUoov arid Gioor.oov. 

At this time educated people were still satisfied that 
the whole knowledge of the origin and development of 
the, ('urth so far as man could or should know it was 
embraced in the Book of Genesis. They wore inclined to 
look with misgiving at attempts to directly interrogate tho 
earth as to its history. Philosophers such as Descartes 
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fitting a few facts and many speculations to their systems 
of pliilosophy. By the opening of the nineteenth cen- 
tury, however, men of learning were coming to appre- 
ciate that the way to advance science was to experiment 
and observe, to collect facts and discourage unfounded 
speculation. Silliman’s insight into the needs of geologic 
science is shown in the following quotation (1, pp. 6, 
7 , 1818 ) ; 

'"Our geology, also, presents a most interesting field of inquiry. 
A grand outline has recently been drawn by Mr. Maclure, with 
a masterly hand, and with a vast extent of personal observation 
and labour: but to fill up the detail, both observation and labour 
still more extensive are demanded; nor can tlic object be 
effected, till more good geologists are formed, and distributed 
over our extensive territory. 

To account for the formation and changes of our globe, by 
excursions of the imagination, often splendid and imposing, but 
usually visionary, and almost always baseless, was, till within 
half a century, the business of geological speculations ; but this 
research lias now assumed a more sober character; the science 
of geology has been reared upon numerous and accurate obser- 
vations of facts; and standing thus upon the basis of induc- 
tion, it is entitled to a rank among those sciences which Lord 
Bacon’s Philosophy has contributed to create. Geological 
researches are now prosecuted by actually exploring the struc- 
ture and arrangement of districts, countries, and continents. 
The obliquity of the strata of most rocics, causing their edges 
to project in many places above the surface ; their exposure, in 
other instances on the sides or tops of hills and mountains; 
or, in consequence of the intersection of their strata, by roads, 
canals, and river-courses, or by tlie wearing of the ocean; or 
their direct perforation, by the shafts of mines ; all these causes, 
and others, afford extensive means of reading the interior 
structure of the globe. 

The outlines of American geology appear to bo particularly 
grand, simple, and instructive; and a knowledge of the import- 
ant facts, and general principles of this science, is of vast prac- 
tical use, as regards the interests of agriculture, and the research 
for useful minerals. Geological and mineral ogieal descriptions, 
and maps of particular states and districts, are very much 
needed in the United Slates; and to excite a spirit to furnish 
them will form one leading object of this Journal.’^ 


Tho VvoloDfud lujtKcnco of <>iit{/i-oiii)i Jdcun. 

^riinsf' inli'i'CHii'd in any l)ran(‘]i of .s(ii('nc(^ siionlcl, aa a 
niiiiU'i- of ('(luc.nlion, i'('a(l liislory oi' that spnciiil anh- 
,)('('.t. A knnN\i('(l/ 4 '(^ of Ilia sla^x^a by Avliic.h tho prosont 
(h'vnlopnu'nt liaa iKuni ailaiutul ia osacniinl to give a 
prop('r i)(‘i'Mp(>('.livi'. to 11i(\ litoratuvo of oacth period. 
iMneh of (ho ('xisllnj.; t((rininolo;i!,'y ia an inlioritaneo from 
llu! (irst alt('m])lH at noiuonclatnro, or may rest upon 
(hcorioa lon.u; diHoardod. .P()i)ular notions at variance 
willi advniKH'd loachiniL!;' ar(^ often the fo)’fj;'ottcn inherit- 
nne.e of a ]iaat generation. 

(Jneias, tra]), and Old Red Sandstone arc names which 
we ow(! to W(U’ner. Tho “Tertiary period” and “drift” 
ar(i ri'lie..s of an early terminology. Tho geology of 
toiiriat cirenlars still speaks of canyons as made by “con- 
vulsions of nature.” Popular writers still attribute to 
geologiala a belief in a molten earth covered by a thin 
crust. Within tho present century the eighteenth cen- 
tury speculations of Werner and his predecessors, postu- 
lating a supposed capacity of water to seep through tho 
crust into the interior of tho earth, resulting in a hypo- 
thetical progressive desiccation of the surface, views long 
abandoned by most modern geologists, liavo been revived 
by an astronomer into a theory of “planetology.” 

A review of tho literature of a century brings to light 
certain tendencies in tho growth of science. Each decade 
has witnessed a larger accumulation of observed facts 
and a fuller claRBification of these fundamental data, but 
the pendulum of interpretative theory swings away from 
tho path of progress, now to one side, now to tho other, 
testing out tlio i)roper direction. For decades tho under- 
standing of certain classes of facts may be actually retro- 
gressive'.. A retrospect shows that certain minds, keen 
and unfetlerod by a prevailing theory, have in some 
directions been in advance of their generation. But tho 
.iiidgmont f)f tho times had not Rufficient basis in knowl- 
edge for the separation and acceptane.o of their truer 
vienvs from the, contemporaneous tangle of false intor- 
pretatious. 

An in1:(‘resting illustration of these statements regard- 
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the significance of the dip of the Triassic formations of 
the eastern United States, The strata of the Massachu- 
setts-Connecticut basin possess a monociinal easterly dip 
•which averages about 20 degrees to the east. Those of 
the New Jersey-Pennsylvania- Virginia basin possess a 
similar dip to the northwest. Both basins are cut by 
great faults and the dip is now accepted by practically 
all geologists as due to rotation of the crust blocks 
away from a geanticlinal axis between the two basins. 
Edward liitchcock, whose work from the first shows an 
interpretative quality in advance of his time, states in 
1823 (6, 74) regarding the dip of the Connecticut valley 
rocks : 

‘‘There is reason to believe that Mount Toby, the strata of 
which are almost horizontal, exhibits the original dip of these 
rocks, and that those cases in which they are more highly inclined 
are the result of some Plutonian convulsion. Such irregularity 
in the clip of coal fields is no uncommon occurrence.’^ 

In Hitchcock’s Geology of Massachusetts, published in 
1833, ten years later, geological structure sections of the 
Connecticut Valley rocks are given, the facts are dis- 
cussed in detail and the dip ascribed to the elevatory 
forces. Pie says (1. c., pp. 213, 223) : 

“If it were possible to doubt that the new red sandstone 
formation was deposited from water, the surface of some of the 
layers of this shale would settle the question demonstrably. 
For it exhibits precisely those geiitle undulations, which the 
loamy bottom of every river with a moderate current, presents. 
(No. 198.) Bnt such a surface could never have been formed 
while the layers had that high inclination to the horizon, which 
many of them now present: so that we have here, also, decisive 
evidence that they have been elevated subsequently to their 
deposition. . . . 

The objection of a writer in the American Journal of Science, 
that such a height of waters as would deposit Mount Toby, mnst 
have produced a lake nearly to the upper part of New Hamp- 
shire, in the Connecticut Valley, and thus have caused the same 
sandstone to be produced higher up that valley than Northfield, 
loses its force, when it is recollected that this formation was 
deposited before its strata were elevated. For the elevating 
force undoubtedly changed the relative level of dillercnt parts 
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acted beneath the primary rocks. And besides, we have good 
evideneo which will be shown by and by, that our new red 
aand.stonc was formed beneath the ocean. We cannot then 
reason on this subject from present levels.” 

In 1840, H. D. Rogers, a geologist who has acquired a 
more widely known name than Hitchcock, but who in 
reality showed an inferior ability in interpretation, made 
the following statements in explanation of the regional 
monoclinal dip of the New Jersey Triassic rocks averag- 
ing 15 to 20 degrees to the northwest d 

“Their materials give evidence of having been swept into this 
catnary, or great ancient river, from the south and southeast, 
by a current producing an almost universal dip of the beds 
tonmrds tlio northwest, a feature clearly not caused hy any 
uplifting agency, but assumed originally at the time of their 
deposition, in consequence of the setting of the current from the 
opposite or southeastern shore.” 

In 1842, at the third annual meeting of the Association, 
of American Geologists both H. D. and W. B. Rogers 
argued (43, 170, 1842) against Sir Charles Lyell and E. 
Hitchcock that the present dip of the Triassic was the 
original slope of deposition, stating among other reasons 
that the footprints impressed upon the sediments often 
showed a slipping and a pushing of the soft clay in the 
direction of the downhill slope. In 1858 H. D. Rogers 
still hold to the same views of original dip,^ notwithstand- 
ing that a moderate amount of observation on the mud- 
cracked and rain-pitted layers would have supplied the 
proof that such must have dried as horizontal surfaces. 
The idea of inclined deposition is not yet wholly dead as 
it has boon suggested more than once within the pi’esent 
gcuoration as a means of escaping from the necessity of 
accepting the very great thicknesses of this and similar 
formations. Thus, as Brogger has remarked in another 
connection, — the ghosts of the old time stand ever ready 
to reappear. 

In the present essay on the rise of structural geology 
ns reflected through a century of publication in the 
Journal, attention will be given especially to two fields, 
that of structures connected with igneous rocks and that 
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emphasis will be placed upon the growth of understand- 
ing rather than upon the accumulating knowledge of 
details. The growth in both of these divisions of struc- 
tural geology is well illustrated in the volumes of the 
J ournal. 

Structures and, Relationships of Igneous Rocks* 

Opposed Interpretations of Flutonists and Neptxinists* 

During the first quarter of the nineteenth century the 
geologic controversy between the Plutonists and Nep- 
tunists was at its height; the Plutonists, following the 
Scotchman, Hutton, holding to the igneous origin of 
basalt and granite, the Neptunists, after their German 
master, Werner of Freiberg, maintaining that these 
rocks had been precipitated from a primitive universal 
ocean. The Plutonists, although time has shown them to 
have been correct in all essential particulars, were for a 
generation submerged under the propaganda carried for- 
ward by the disciples of Werner. The “Illustrations of 
the Euttonian Theory of the Earth,” a remarkable clas- 
sic, worthy of being studied to-day as well as a century 
ago, was published in 1802 by John Playfair, professor of 
mathematics in the University of Edinburgh and a friend 
of Hutton, who had died five years previously. This 
X’olume was opposed by Robert Jameson, professor of nat- 
ural philosophy in the same university, who had absorbed 
the ideas of the German school while at Freiberg 
and published in 1808 a volume on the “Elements of 
Geognosy,” in which the philosophy of Werner is fol- 
lowed throughout and even obsidian and pumice are 
argued to be aqueous precipitates. The authority of the 
Wernerian autocracy caused its nomenclature to_ be 
adopted in the new world, but strong evidence against 
its interpretations was to be found in the actual struc- 
tural relations displayed by the igneous rocks. 

Contributions on Volcanic and Intrusive Rocks* 

The accumulation and study of facts constituted the 
best cure for an erroneous theory. The publications of 
the Journal contributed toward this end by articles along 


iXiiiso, JL 111:; iiiuiau uxi^iiiai Ui iU Ll LlUllS WtJltJ LtlUrsU 

which dealt, with the areal and structural geology of 
eastern North America, but equally valuable at that 
time for the broadening of scientific interest were 
the studies on the volcanic activities of the Hawaiian 
Islands, published through many years. Perhaps most 
valuable from the educative standpoint were the exten- 
sive rcpublications in the Journal of the more important 
European researches, making them accessible to Ameri- 
can readers. In volume 13 (1828), for example, a digest 
of Scropc’s work on volcanoes is given, covering forty 
pages ; and of Daubeny on active and extinct volcanoes, 
running over seventy-five pages and extending into vol. 
14, Through these comprehensive studies the nature of 
volcanic action became generally understood during the 
•first half of the nineteenth century and the original pub- 
lications in the Journal were valuable in giving a knowl- 
edge of the activities of the Hawaiian volcanoes. 

Early in the nineteenth century the Avhole of America 
still remained to be explored by the geologist. The 
regions adjacent to the centers of learning were among 
the first to receive attention and the Triassic basin of 
Connecticut and Massachusetts yielded information in 
regard to the nature of igneous intrusion. This basin, 
of unmctamorphic shales and sandstones, is occupied by 
the Connecticut River except at its southern end. The 
Formation contains within it sills, dikes, and outflows of 
basaltic rocks which because of their superior resistance 
to erosion constitute prominent hills, in places bounded 
by cliffs. 

Silliman in 1806-'’ described East Rock, New Haven, 
Connecticut, as a wliinstone, trap, or basalt, and 
accounted for its presence on the supposition that it had 

“actually been melted in the bo'wels of the earth and ejected 
among the superior strata by tlie force of subterrancoiis fire, 
but never ei’upted like lava, cooling under the pres.snre pf the 
anpcrincumbent strata and tlierefore compact or nonvesicular, 
its prc.sent form being due to erosion.” 

In these conclusions Silliman was correct. With but a 
limited amount of experience he was able to discriminate 
between the intrusive and effusive rocks and saw that the 
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prominence of this hill was duo to the erosion of the sedi- 
ments which once surrounded it. 

An extensive paper on the geology of this region was 
published by Edward Hitchcock in 1823,*^ then just thirty 
years of age. This paper shows the evidence of exten- 
sive field observations, and his comments in regard to 
the trap and granite are of interest. Hitchcock gives 
five pages to the subject of “Greenstone Dykes in Old 
Red Sandstone (6, 56-60, 1823) and makes the follow- 
ing statements : 

“Professor Silliman conducted me to an interesting locality 
.of these in East-Haven. They occur on the main road from 
New-IIaven to East-Haven, less than half a mile from Tomlin- 
son’s bridge . . . (p. 56). 

They are an interesting feature in our geology, and deserve 
more attention ; and it is peculiarly fortunate that they should 
be situated so near a geological school and the first mineral 
cabinet in our country . . . (p. 58). 

Origin of Greenstone. 

Does the greenstone of the Connecticut afford evidence in 
favour of the Wernerian or of the Huttonian theory of its 
origin? Averse as I feel to taking a side in this controversy, I 
cannot but say, that the man who maintains, in its length and 
breadth, the original hypothesis of Werner in regard to the 
aqueous deposition of trap, will find it for his interest, if he 
wishes to keep clear of doubts, not to follow the example of 
D Aubuisson, by going forth to examine the greenstone of this 
region, lest, like that geologist, he should be compelled, not only 
to abandon his theoiy, but to write a book against it. Indeed, 
when surveying particular portions of this rock, I have some- 
times thought Bakewell did not much exaggerate when he said 
in regard to Werner’s hypothesis, that, ‘it is hardly possible 
for the human mind to invent a system more repugnant to 
existing facts.' 

On the other hand, the Huttonian would doubtless have Ijis 
heart gladdened, and his faith strengthened by a survey of the 
greater part of this rock. As he looked at the dikes of the old 
red sandstone, he would almost see the melted rock forcing its 
way through the fissures; and when he came to the amygdaloi- 
dal, especially to that variety which resembles lava, he might 
even be tempted to apply his thermometer to it, in the suspicion 
that it was not yet quite cool . . . (p. 59) . 

By treating the subiect in this manner I mean no disrespect 
to any of the distinguished men who have adopted either side of 



greenstone of the Connecticut as volcanic, I feel much indebted 
for tlie great mass of facts he has collected on the subject. And 
wore I to adopt any liypothesis in I'egard to the origin of our 
greenstone, it would bo one not much different from his” (p. 60 ). 

By 1833 and more clearly in 1841 Hitchcock had come 
to recognize the distinction between intrusive and extru- 
sive basaltic sheets in the Connecticut valley. Dawson 
also came to regard the Acadian sheets as extrusive, and 
Emerson in 1882 recalled again the evidence for Massa- 
chusetts (24, 195, 1882). Davis, however, went a step 
further and Ijy applying distinctive criteria not only sep- 
arated intrusive and extrusive sheets throughout the 
whole Trittssic area, but by using basalt flows as strati- 
graphic horizons unraveled for the first time the system 
of faults which cut the Triassic system. His preliminary 
paper (24, 345, 1882) was followed by many others. 

Prom n 880 onward begins the period of precise struc- 
tural field work. The older geologists mostly conceived 
their work after reconnaissance methods. Prom 1870 to 
1880 a group of younger men entered geology who paid 
close attention to the solid geometry and mechanics of 
earth structures. In their hands physical and dynamical 
geology began to assume the standing of a precise and 
quantitative science. In the field of intrusive rocks the 
opening classic was by Gilbert, who in his volume on the 
geology of the Henry Mountains, published in 1880, made 
laccoliths known to the world. With the beginning of 
tliis now period we may well leave the subject of intru- 
sive rocks and turn to the progress of knowledge in 
regard to those deeper and vaster bodies now known as 
balholiths. Those, since erosion does not expose their 
bottoms, Daly separates from intrusives and classifies as 
subjacent. The batholiths consist typically of gi'anito 
and granodiorite, and introduce us to the problem of 
granite. 


Views on the Structural JRdations of Granite* 

Conscientious field observations were sufficient to 
establish the true nature of the intrusive and extrusive 
rocks. The case was very different, however, with the 


which may be taken in the structural sense as including 
all the visibly crystalline acidic and intermediate rocks, 
known more specifically as granite, syenite, and diorite. 

The large bodies of granite, structurally classified as 
stocks, or batholiths, commonly show wedges, tongues, or 
dike networks cutting into the surrounding rocks. The 
relations, however, are not all so simple as this. Gran- 
ites may cover vast areas, they are usually the older 
rocks, they are generally associated with regional 
metamorphism of the intruded formations, which meta- 
morphism is now understood to bo due chiefly to the heat 
and mineralizers given off from the granite magma, asso- 
ciated with mashing and shearing of the surrounding 
rocks. The granite was often injected in successive 
stages which alternated Avith the stages of regional mash- 
ing. A parallel or gneissic structure is thus developed 
Avliich is in part due to mashing, in part to igneous injec- 
tion. Wliere the ascent of heat into the cover is exces- 
sive, or where blocks are detached and involved in the 
magma, the latter may dissolve some of the older cover 
rocks, even where these were of sedimentary origin. 

Thus between mashing, injection, and assimilation the 
genetic relationships of a batholith to its surroundings 
are in many instances obscure. Nevertheless, attention 
to the larger relations shows that the molten magma orig- 
inated at great depths in the earth’s crust, far below the 
bottoms of geosynclines, and consists of primary igneous 
material, not of fused sediments. From those depths it 
has ascended by various processes into the outer crust, 
where it crystallized into granite masses, to be later 
exposed by erosion. The amount of material Avhich can 
be dissolved and assimilated must be small in compari- 
son Avith the Avhole body of the magma. The original 
composition of the magma was probably basic, nearer 
that of a basalt than that of a granite. Differentiation 
of the molten mass is thought to cause the upper and 
lower parts of the chamber to become unlike, the lighter 
and more acidic portion gmng rise to the great bodies of 
granite. With the exception of certain border zones the 
whole, however, is regarded as igneous rock risen from 
the depths. 



auciiiuiu^ tuiu ruirugression m regara to tne nature oi 
gramtes._ It constitutes an interesting illustration of 
the possibility of a wrong theory leading interpretation 
astray, chiefly through the magnification of minor into 
major factors. This history illustrates the dangers of 
qualitative science as compared to quantitative, of a 
single hypothesis as matched against the method of mul- 
tiple working hypothesis. This fins of opinion in regard 
to the nature of granites may be traced through the vol- 
umes of the Journal. 

E. Hitchcock in 1824 (6, 12) noted that in places gran- 
ite appeared bedded, but in other places existed in veins 
which cut obliquely across the strata. Silliman, although 
careful not to deny the aqueous origin of some basalts, 
yet held that the field evidence of New England indicates 
for that region the igneous or Huttoniau origin of trap 
and granite ( 7 , 238, 1824) . 

Ill 1832 the following article by Hitchcock appeared in 
the Journal ( 22 , 1, 70) : 

Report on the Geology of Massachusetts ; examined under the 
direction of the Government of that State, during the years 
1830 and 1831 ; by Edward Hitchcock, Prof, of Chemistry and 
Natural History in Amherst College. 

A footnote adds that this is “published in this Journal by 
consent of the Government of Massachusetts, and intended to 
appear also in a separate form, and to be distributed among the 
members of the Legislature of the same State, about the time 
of its appearance in this work. It is, we believe, the first exam- 
ple in this country, of the geological survey of an entire State.’’ 

This article includes a geological map of the state and 
covers the subject of economic geology. The report 
brought forth the following remarks from a French 
reviewer in the Revue Encyclopeclique, Aug. 1832, quoted 
in the Journal ( 23 , 389, 1833) ; 

“A single glance at this report, is sufficient to convince any 
one of the utility of such a work, to the state which has under- 
taken it ; and to regret that there is so very small a part of the 
French territory, whose geological constitution is as well known 
to the public, as is now the state of Massachusetts. Prance has 
the greater cause to regret her being distanced in this race by 



II they liaa tlie means, would, m a very short time turnish a 
work of the same kind, still more complete, of each of the 
departments.” 

The complete report published in 1833 is a work of 700 
pages. Pages 465 to 517 are devoted to the subject of 
granite. Numerous detailed sketches are given showing 
contact relations. Nine pages are given to theoretical 
considerations and many lines of proof are given that 
granite is an igneous rock, molten from the internal heat 
of the earth, and intruded into the sedimentary strata. 
His statement is the clearest published in the world, so 
far as the writer is aware, up to that date, and marks 
Edward Hitchcock as one of the leading geologists of his 
generation in Europe as well as America. Unfortu- 
nately his views were largely lost to sight during the fol- 
lowing generation. 

In 1840 the first American edition of MantelPs Won- 
ders of Geology gave currency to the idea that granite is 
proved to be of all geological ages up to the Tertiary 
(39, 6, 1840). In 1843 J. D. Dana pointed out (45, 104) 
that schistosity was no evidence of sedimentary origin. 
He regarded most granites as igneous as shown by their 
structural relations, but considers that some may have 
had a sedimentary origin. 

Jltise and Decline of the Metamorphic Theory of Granite* 

Up to 1860 granite was regarded on the basis 
of the facts of the field as essentially an intrusive 
rock, hut gneiss as a metamorphic product mostly of sedi- 
mentary origin. It seemed as though sound methods of 
research and interpretation were securely established. 
Nevertheless, a new era of speculation and a modified 
Wernerism arose at that time with a paper by T. Sterry 
Hunt, marking a retrogression in the theory of granite 
which lasted until his death in 1892. 

In November, 1859, Hunt read before the Geological 
Society of London a paper on ‘ ‘ Some Points in Chemical 
Geology” in which he announced that igneous rocks are 
in all cases simply fused and displaced sediments, the 
fusion taking place by the rise of the earth’s internal 
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merits ^(seo 30, 133, 1860). The germ of this idea of 
aqueo-igneous fusion was far older, due to Bahbage and 
John ^Herschel, neither of them geologists, but such 
sweeping extensions of it had never before been pub- 
lished. _ Hunt had the advantage of a wide acquaintance- 
ship with geological literature and chemistry. He wrote 
plausibly on chemical and theoretical geology, but his 
views were not controlled by careful field observations. 
In fact he wrote confidently on regions which apparently 
he had never seen and where a limited amount of field 
work would have shown him to have been fundamentally 
in error._ A inan of egotistical temperament, he sought 
to establish priority for himself in many subjects and in 
order to cover the field made many poorly founded asser- 
tions. Building on to another Wernerian idea, he held 
that many metamorphic minerals had a chronologic value 
comparable to fossils — staurolite for example indicating 
a pre-Silurian age — and on this basis divided the crystal- 
line rocks into five series. Although there is much of 
value buried in Hunt's work it is difficult to disentangle 
it, with the result that his writings were a disservice to 
the science of geology. Although carrying much weight 
in his lifetime, they have passed with his death nearly 
into oblivion. 

Marcou, with a limited knowledge of American geol- 
ogy, and but little respect for the opinions of others, had 
published a geologic map of the United States containing 
gross errors. In support of his views he read in Novem- 
ber, 1861, a paper on the Taconic and Lower Silurian 
Rocks of Vermont and Canada. In the following year 
he was severely reviewed by “T,” who states positively 
in controverting Marcou (33, 282, 283, 1862) that “the 
granites (of the Green Mountains) are evidently strata 
altered in place.” 

“Mr. Marcou should further he informed that the granites 
of the Alpine summits, instead of being, as was once supposed, 
eruptive rocks, are now known to he altered strata of newer 
Secondary and Tertiary age. A simple structure holds good in 
the British Islands, where as Sir Roderick Murchison has shown 
in his recent Geological map of Scotland, Ben Nevis and Ben 
Lawers are found to be composed of higher strata, lying in 


lead IIS to suppose that the gneiss of the Green mountains, 
instead of being at the base, is really at the summit of the series. 

We cannot here stop to discuss Mr. Marcou’s remark about 
‘the unstratified and oldest crystalline rocks of the White 
mountains’ which he places beneath the lower Taconic scries. 
Mr. Lesley has shown that these granites are stratified, and with 
Ml’. Hunt, regards them as of Devonian Age. (This Journal, 
vol. 31, p. 403.) Mr. Marcou has come among us with notions 
of mountains upheaved by intrusive granites, and similar anti- 
quated traditions, now, happily for science, well nigh forgotten.” 

It is seen that Marcou, notwithstanding the general 
character of his work, happened to be nearer right in 
some matters than were his critics, and that “T” had 
adopted to the limit the views of Hunt. 

The recovery of geology from this period of confusion 
was partly owing to the slow accumulation of opposed 
facts ; especially to a recognition of the fact that the 
overplaced relation of the granite gneisses in western 
Scotland was due to great overthrusts ; also to the evi- 
dence of the clearly intrusive nature of many of the 
Cordilleran granites. The recovery of a sounder theory 
was hastened, however, by the application of criticisms 
by J. D. Dana in the Journal. In 1866 ( 42 , 252) Dana 
pointed out that sedimentary rocks in Pennsylvania, in 
Nova Scotia, and other regions which had been buried to 
a depth of at least 16,000 feet are not metamorphic. 
Mere depth of burial of sediments was not sufficient 
therefore to produce metamorphism and aqueo-igneous 
fusion. The baseless and speculative character of the 
use of minerals as an index of age and of Hunt’s inter- 
pretation of New England geology in general was shown 
by Dana in 1872 (3, 91). The following year Dana 
pointed out clearly that igneous eruptions in general 
have been derived from a deep-seated source and did not 
come from the aqueo-igneous fusion of sediments. As to 
gi-adations between true igneous rocks and fused and 
displaced sediments he makes the following statements 
(6, 114, 1873): 

“Again, the plastic rock-material that may be derived from 
the fusion or semifusion of the supercrust, (tliat is, of rocks 
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often not distinguishable from other igneous rocks, when it is 
ejected through fissures far from, its place of origin ; while crys- 
talline rocks are simply metamorphic if they remain in their 
original relations to the associated rocks, or nearly so. 

Between these latter igneous rocks and the metamorphic there 
may be indefinite gradations, as claimed by Hunt. But if our 
reasonings are right, the great part of igneous rocks can be 
proved to have had no such sup ere rust origin. The argument 
from the presence of moisture or of hydrous minerals in such 
rocks in favor of their origin from the fusion of sediments has 
been shown to be invalid.’’ 

The injected marginal rocks and the post-intrusive 
metamorphism of most of the New England granites has, 
however, obscured more or less their real igneous nature 
so that the gradation from metamorphic sediments 
through igneous gneisses to granites could be read in 
either direction. These features misled Dana who 
accepted the prevailing idea of the general metamorphic 
origin of granite, Dana makes the following statement 
(6, 164, 1873) : 

^^But Hunt is right in holding that in general granite and 
syenite (the quartz-bearing syenite) are undoubtedly meta- 
morphic rocks where not vein-formations, as I know from the 
study of many examples of them in New England; and the 
veins are results of infiltration through heated moisture from 
the rocks adjoining some part of the opened, fissures they fill.” 

Granite, although regarded at this time as the extreme 
of the metamorphic series and originating from sedi- 
ments, was looked upon as typically Archean in age, 
though in some cases younger. Such a doctrine per- 
mitted such extreme misinterpretations as that of 
Clarence King and S. F. Emmons on the nature of the 
intrusive granite of the Little Cottonwood canyon in the 
Wahsatch Range. This body cuts across 30,000 feet of 
Paleozoic rocks and to the careful observer, as later 
admitted by Emmons, shows clear evidence of its trans- 
gressive nature. But at that time it was generally con- 
sidered that granite mountains were capable of resist- 
ing the erosion of all geological time. Consequently it 
did not seem incredible to King and his associates that 
here a great granite range of Archean origin had stood 
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permitted it to be buried beneath 30,000 feet of sedi- 
ments.® 

It may seem to the present day reader that such a mis- 
interpretation, doing violpce to fundamental geologic 
knowledge as now recognized, was inexcusable ; but in 
the light of the history of geology as here detailed it is 
seen to have been the interpretation natural to that time. 
It is true that a careful examination of the facts of that 
very field would have proved the post-Paleozoic and in- 
trusive nature of that great granite body now known 
as the Little Cottonwood batholith, but Emmons has 
explained the rapid and partial nature of the observa- 
tions which they were compelled to make in order to keep 
up to their schedule of progress (16, 139, 1903). 

Whitney had found some years earlier that the gran- 
ites of the Sierra Nevada were igneous rocks intrusive 
into the Triassic and Jurassic strata. The Lake Supe- 
rior geologists began to show in the eighties that granite 
was there an intrusive igneous rock. R. D. Irving and 
Wadsworth noted these relations. Lawson in 1887 
pointed out emphatically (33, 473) that the granites of 
the Rainy Lake region, although basal, were younger 
than the schists which lay above them. The granite- 
gneisses ha held were of clearly the same igneous origin 
as the granites and neither gave any field evidence of 
being fused and displaced sediments. Prom this time 
forward the truly igneous nature of granite became 
increasingly accepted until now the notion of its being 
made of sedimentary rocks softened and recrystallized by 
the rise of the isogeotherms through deep burial is as 
obsolete as the still older doctrine of the Neptunists that 
granite was laM down as a crystalline precipitate on the 
floor of the primitive ocean. 

The recognition of the truly igneous nature of granites 
has been followed in the present generation by a series 
of studies on their structural relations and mode of 
genesis. A number of important initial articles on vari- 
ous aspects of structure and contact relations have 
appeared in the J ournal, but this sketch of the history of 
the subject _may well stop with the introduction to this 
modern period. 


Orogenio Striicttirest 
Vietvs of PliUonists and N eptunists4 

Orogonic structures are, as the name implies, those 
connected with the birth of mountains. Nearly synony- 
nious terms are deformative or secondary structures. 
On a small scale this division embraces the phenomena 
exposal in the rock ledge or quarry face, or in the dips 
and dislocations varying from one exposure to another. 
These structures include faults, folds, and foliation. On 
a larger scalo are included the relations of the differ- 
ent ranges of a mountain system to each otlier, relations 
to previous geologic history, relations to the earth as a 
whole, and to the forces which have generated the struc- 
tures. 

In order to see the stage of development of this subject 
in 18.1.8 and its progress as rollccted through the publica- 
tions of a century, more particularly in the Journal, it 
is desirable to turn again to those two treatises emanat- 
ing from Edinburgh at the beginning of the nineteenth 
century and representing two opposite schools of 
thought, the Plntonists and Noptimists. 

Playfair, in 1802, devotes nineteen pages to the subject 
of tlio inflection and elevation of strata.® lie places 
einpliasia on the characteristic parallelism of the strike 
of tlio folds throughout a region, as shown through the 
intersection of the folds by a horizontal plane of erosion. 
Ho contrasts this with the arches shown in a transverse 
section and enlarges on onr ability to study the deeply 
buried strata through the denudation of the folded struc- 
ture. He argues from these relations that the struc- 
tures can not he explained by the vague appeal of the 
Noptunists to forces of crystallization, to slopes of orig- 
inal deposition, or to sinking in of the roofs of caverns. 
The cauaoa ho argues wore heat combined with pressure. 
As to the directions in which the pressure acted he is not 
altogether chair, hut apparently regards the pressure as 
acting in upward thrusts against the sedimentary planes, 
the latter yielding as warped surfaces. .His method of 
presentation is tliat of inductive reasoning from facts, 
but ho stopped short of the conception of horizontal com- 
pression through terrestrial contraction. 
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A CENTURY OF SCIENCE 

Jameson, professor of natural history in the same uni- 
versity, in 1808 contemptuously ignores the work of Hut- 
ton and Playfair in what he calls the ‘^monstrosities 
known under the name of Theories of the Earth.” In a 
couple of pages he confuses and dismisses the whole sub- 
ject of deformation. He states d 

‘‘It is therefore a fact, that all inclined strata, with a veiy 
few exceptions, have been formed so originally, and do not owe 
their incliiiation to a subsequent change. 

When we examine the structure of a mountain, we must be 
careful that our observations be not too micrological, otherwise 
we .shall undoubtedly fail in acquiring a distinct conception of 
it. Tins will appear evident when we reflect that the geognostic 
features of Nature are almost all on the great scale. In no case 
is this rule to be more strictly followed than in the examination 
of the stratified structure. 

By not attending to this mode of examination, geognosts 
have fallen into numberless errors, and have frequently given 
to extensive tracts of country a most irregular and confused 
structure. Speculators building on these errors have repre- 
sented the wJioIe crust of the globe as an irregular and unseemly 
mass. It is indeed surprising, that men possessed of any knowl- 
edge of the beautiful harmony that prevails in the structure of 
organic beings could for a moment believe it possible, that the 
great fabi'ie of the globe itself, — that magnifieeiit display of 
Omnipotence, — should be destitute of all regularity in its struc- 
ture, and be nothing more than a heap of ruins. 

This was the attitude of a leader of British opinion 
toward the subject of deformational geology from which 
the infant science had to recover before progress could be 
made. The early maps w^ere essentially inineralogical 
and lithological. The order of superposition and the 
consequent sequence of age was regarded as settled by 
Werner in Germany and not requiring investigation in 
America. The early examples of structure were sections 
drawn with exaggerated vertical scales and those of 
Maclure do not show detail. 

Recognition of Appalachian StviicUires* 

Following the founding of the Journal in 1818 there is 
observable a growth in the quality and detail of geologi- 
cal mapping. Dr. Aiken, professor of natural philosophy 
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founiul in 1884 (26, 219) a vertical section extending 
Xitween l^altimore and Wheeling, a distance of nearly 
150 inilos,^ on a scale of about 7 miles per inch. The suc- 
leasion of rocks is carefully shown and the direction of 
lip, but no attempt is made to show the underground 
■olationa, the stratigraphic sequence, and the folded 
itruetures which arc so clear in tliat Appalachian section. 
L'ho text also shows tliat the author had not recognized 
ho folded structure. Furthermore, where the folds 
louse at the Alleghany mountain front, the flat strata are 
ihown as resting unconformably on the folded rocks to 
lie oast. 

li. C. Taylor, geologist, civil and mining engineer, was 
Tom 1880 to 1885 the loading student of Pennsylvanian 
geology as shown by the publication in 1835 of four 
lapers aggregating over 80 pages in the Transactions of 
he Geological Society of Pennsylvania. His work is 
loticoablo for accuracy in detail and no doubt was influ- 
nitial in setting a high standard for the state geological 
iurvoy which immediately followed. 

IT. 1). and W. B, Rogers have been given credit in this 
jountry, and in Europe also, as being the leading 
ixpouiKlers of Appalachian structure. Merrill speaks of 
[I. I). Rogers as unquestionably the leading structural 
ideologist of his time.® To the writer, this attributed 
eosition appears to be due to his opportunities rather 
than to scientific acumen. The magnificent but readily 
lecipherahlo folded structure of Pennsylvania, the rela- 
tionshiiia of coal and iron to this structure, the consid- 
irablo sums of money appropriated, and the work of a 
lorpa of able assistants were factors which made it com- 
pnra tivoly easy to reach important results. In ability to 
wiiigli facta and interpret them Edward Hitchcock 
showed much more insight than H. D. Rogers, while in 
tlui philosophic and comprehensive aspects of the subject 
J. 1). Dana far outranks him. 

IT. T). Rogers in his first report on the geological sur- 
vey of Now Jersey, 1836, recognizes that the Camhro- 
^ilurian limoatoiioa (lower Secondary limestones) were 
clepoaitod as nearly horizontal beds and the ridges of 
pre-Oamhrian gneiss (Primary) had been pushed up as 


distinction between slaty cleavage and true dip as shown 
in the Ordovician slates (p. 97). Between 1836 and 1840 
iie had learned a great deal on the nature of folds as is 
shown in his Pennsylvania report for 1839 and the struc- 
ture sections in his New Jersey report for 1840. 

R. C. Taylor, who had now become president of the 
board of directors of the Dauphin and Susquehanna Coal 
Company, published in the Journal in 1841 (41, 80) an 
important paper entitled “Notice of a Model of the 
"Western portion of the Schuylldll or Southern Coal 
Field of Pennsylvania, in illustration of an Address to 
the Association of American Geologists, on the most 
appropriate modes for representing Geological Phe- 
nomena.” In this paper he calls attention to the value 
of modeling as a means of showing true relations in three 
dimensions. He condemns the custom prevalent among 
geologists of showing structure sections with an exag- 
gerated vertical scale with its resultant topographic and 
structural distortions. Taylor was widely acquainted 
with the structure of Pennsylvania, Maryland, and "Vir- 
ginia. 

Nature of Forces Producing Folding* 

In 1825 Dr. J. H. Steele sent to Professor Silliman two 
detailed drawings and description of an overturned fold 
at Saratoga Lake, New York. As to the significance of 
this feature Steele makes the following statement (9, 3, 
1825) : 

is impossible to examine this locality without being 
strongly impressed with the belief that the position whieh the 
strata here assume could not have been effected in any other 
way than by a power operating from beneath upwards and at 
the same time possessing a progressive force; something analo- 
gous to what takes place in the breaking up of the ice of large 
rivers. The continued swelling of the stream first overcomes 
the resistance of its frozen surface and having elevated it to a 
certain extent, it is forced into a vertical position, or thrown 
over upon the unbroken stratum behind, by the progressive 
power of the current.” 

So far as the present writer is aware this is the first 
recognition in geological literature of the evidence of a 
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Liso of folding’. 

lo hi Hitchcock belongs the credit of being the first to 
scribe overturning and inversion of strata on a large 
lie, but Avithout clearly recognizing it as such. In 
istci'u Massachusetts Tuetaniorphism is extreme in the 
rVor Paleozoic rocks in the vicinity of the over thrust 
iss^ of Archcan granite-gneiss which constitutes the 
)osic range. The Paleozoic rocks of the valley to the 
ist are overturned and appear to dip beneath the older 
cks. Farther west the mctainorphism fades ont and 
^ series assumes a normal loosition, Such an inverted 
intion, uj) to that time unknown, is described in 1833 as 
[lows by Hitchcock in his Geology of Massachussetts 
p. 297, 298) : 

^But a singular anomaly in the superposition of the series of 
•ks al)OYe (lost*ril)e(I, presents a great diillculty in this ease, 
e strata of tliesc rocks almost uniionnly dip to the oast: that 
tlie luiwer rocks seem to crop out beneath the older ones; so 
it llie saechariiio Inucstone, associated witli gneiss in the cast- 
i part of tlie range, seems to occupy tlic uppermost place in 
: HOi’ies. Now as superposition is of more value in dotermin- 
i^the relative ages of rocks tluiii thoii* uiiueral characters, must 
not conclude that the rocks, as wo go westerly from Itoosac 
nntain, do in fact belong to older groups? The petrifactions 
lith smne of Ihein contain, and tlioir decidedly fragmentary 
iract(U‘, will not allow such a supposition to ho indulged for 
uomoiit It is impossible for a geologist to mistalco the evi- 
nce, wliicli lie sees at almost every step, that ho is passing 
)m older to newer formations, just as soon as lie begins to 
)HS the valley of Berksbiro towards the west. Wo arc driven 
ai to the alicrnativo of supposing, cither that tliore must be 
loception in the apparent outcrop of the newer rocks from 
lealh the ohhu*, or tlial; the wliole series of strata lias been 
,nally thrown over, so as to bring the newest rocks at the ho(- 
n. T]\(\ latter supposition is so improbable that I cannot at 
:‘M0ut admit it/' 

itchcock tried to reconcile tho o.vidoncG by a Borios of 
xionformitioH and inclined doposition, but finds the solu- 
)n uusaliHfnetory. 

Tn this Murno year, 1,88.’^, Flic do .Beaumont, a dls- 
iguislKul French geologist, published his tlicory of the 
igin of mountains. Ho advanced tho idea that since 
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already cool, must suffer compression in adjusting itseli 
to the shrinldng molten interior. He concluded from the 
evidence shown in Europe that the collapse of the crust 
occurred violently and rapidly at widely spaced intervals 
of time. This hypothesis introduced the idea of moun- 
tain folding by horizontal compressive forces. The the- 
oretical paper of de Beaumont, together with further 
observations by Hitchcock and others, led the latter in 
1841 to a final belief in the inversion of strata on a large 
scale by horizontal compression. His conclusions are 
expressed in an important paper published in the J ournal 
(41, 268, 1841) and given on April 8, 1841, as the First 
Anniversary Presidential Address before the Associa- 
tion of American Geologists. This comprehensive sum- 
mary of American geology occupies 43 pages. Three 
pages are given to the inverted structure of the Appa- 
lachians from which the following paragraphs may be 
quoted : 

''We have all read of the enormous dislocations and inver- 
sions of the strata of the Alps j and similar phenomena are said 
to exist in the Andes. Will it he believed, that we have an 
example in the United States on a still more magnificent scale 
than any yet described? ... 

Let us suppose the strata between Hudson and Connecticut 
rivers, while yet in the plastic state, (and the supposition may 
be extended to any other section across this belt of country from 
Canada to Alabama,) and while only slightly elevated, were 
acted upon by a force at the two rivers, exerted in opposite 
directions. If powerful enough, it might cause them to fold 
up into several ridges ; and if more powerful along the western 
than the eastern side, they might fall over so as to take an 
inverted dip, without producing any remarkable dislocations, 
while subsequent denudation would give to the surface its 
present outline. . . . 

Fourthly, we should readily admit that such a plication and 
inversion of the strata might take place on a small scale. If for 
instance, we were to press against the extremities of a series of 
plastic layers two feet long, they could easily be made to assume 
the position into which the rocks under consideration are thrown. 
Why then should we not be equally ready to admit that this 
might as easily be done, over a breadth of fifty miles, and a 
length of twelve hundred, provided we can find in nature, forces 



li. 1). imd AV. B. Rogers on April 29, 1842, before tlic third 
ninmal meeting of the same body (43, 177, 1842) and 
repeated by them before the British Association at Man- 
chester two months later. In their own words, the 
Rogers brothers from their studies on the folds shown in 
Pennsylvania find A^irginia, conceived mountain folds in 
general to bo produced by much clastic vapor escaping 
through many parallel fissures formed in succession, pro- 
ducing violent propulsive wave oscillations on the sur- 
face of the fluid earth beneath a thin crust. Thus actual 
billows are assumed to have rolled along through the 
cru.st. Tliey did not think tangential pressure alone 
could produce folds. Such pressures were regarded as 
secondary, produced by the propagation of the Avaves and 
the only expression of tangential forces which they 
admitted was to fix the folds and hold them in position 
after the violent oscillation had subsided (44, 360, 1843). 
The leading British geologists De la Becho and Sedg- 
wick critici'/.cd adversely this remarkable theory, stating 
that they could sec no such, analogy in mountain folds to 
violent earthquake waves and that in their opinion the 
slow application of tangential force was sufficient to 
account for the phenomena (44, 3G2-365, 1843). 

II. I). Rogers in tho prosecution, of the geological sur- 
vey of Pennsylvfinia displayed notable organiKing ability 
and persistence in aecompliahmont, oven to advancing per- 
sonally considerable sums of money, trnsting to the state 
legislature t;o later reimhurse him. Finally, after many 
delays by the state, tho publication was placed directly 
in his ciiargo and lie produced in 1858 a magnificent 
qua.rto work of over 1,600 pages, handsomely illustrated, 
and accompanied by an atlas. It is excellent from the 
descriptive standpoint, standing in the first class. Moas- 
nrod as a contribution to tho theory of dynamical geol- 
ogy, iho explanatory portions wore, however, thirty years 
behind the times. Tho same hypotheses arc put forth 
in 1858 as in 1842. There is no acceptance of tho views 


pounded by this British leader in 1830, or of the nature 
of orogenie forces as published by Elie de Beaumont in 
1833. B/Ogers rejects the view that cleavage is due to 
compression and suggests “that both cleavage and folia- 
tion are due to the parallel transmission of planes or 
waves _ of heat, awakening the molecular forces, and 
determining their direction.® Thus a mere maze of 
words takes the place of inductive demonstrations 
already published. 

In following the play of these opposing currents of 
geologic thought we reach now the point where a period 
of brilliant progress in the knowledge of mountains and 
of continental structures begins in the work of J. D. 
Dana. In 1842 Dana returned from the Wilkes Explor- 
ing Expedition and the following year began the publica- 
tion of the scries of papers which for the next half 
century marked him as the leader in geologic theory in 
America. His Avork is of course to be judged against 
the background of his times. His papers mark distinct 
advances in many lines and are characterized throughout 
by breadth of conception and especially by clear and log- 
ical thinlcing. His work was published very largely in 
the Journal, of which after a few years he became chief 
editor. His first contribution on the subject of moun- 
tain structures, entitled “ Geological results of the earth’s 
contraction in consequence of cooling,” was published in 
1847 (3, 176). The evidence of horizontal pressure Avas 
first perceived in Prance as shoAvn by the features of the 
Alps. Elie de Beaumont connected it, by means of the 
theory of a cooling and contracting globe, with tire other 
large fact of the increase of temperature with descent in 
the crust. Dana credits the Rogers brothers with first 
making knoAvn the folded structures of the Appalachians, 
but objects to their interpretation of origin. He showed 
by means of diagrams that the folds are to be explained 
by lateral pressure, the direction of overturning indicat- 
ing the direction from which the driving force proceeded. 

The Rogers brothers and especially James Hall, in 
working out the Appalachian stratigraphy, had noted 
that the formations, although accumulating to a maxi- 
mum thickness of between 30,000 and 40,000 feet, showed 
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(ividoiicoa thiit the successive formations were deposited 
iu .slmJlow water. It suggested to tliein that the weight of 
tlu'. accuuimlating sediiueiits was the cause of subsidence, 
each ioot ot sedhuent causing a foot of down sinking. 
'I'liis hh'n, has continued to run through various text 
Ixaiks in geology for half a century, yet Dana early 
saw ilui fallacy and in ISfi.I in the first edition of 
his Manual of Geology (p. 717) states “whether this 
is an_ ac.tiial cause or not in geological dynamics is 
(luestionablo. ” In ISdG in an important article on 
‘‘Oh.servations on the origins of some of the earth’s 
h'ai.ures,” Dana deals inoi'O fully and finally with 
tliis subject (42, 205, 252, 1866). He shows that such an 
(vCh'.ct of aeciunulating sediment postulates a delicate 
halauco, a very thin crust and no resistance below. If 
sucli a w<'aknosR were granted it wmrld be impossible for 
the earili to hold up mountains. Purthermore such sub- 
sidence was not regular during its progress and finally 
iu Uu*. long course of geologic time gave place to a reverse 
niovonoiit of elevation. 

Ilall had pointed out the fact that the sediments were 
tliick<!st on the cast in tlio region of mountain folding and 
thinned out to a fraction of this thickness in the broad 
Mississippi basin. Hall argued that the mere subsidence 
of the trough would xn’oduce the observed folding and 
that; the folding was unrelated to mountain making or 
crustal shorteming. In supposed proof ho cited the fact 
Unit the Catskills consist of unfolded rock, arc higher 
than the folded region to the south, and nearly as high as 
the highest metamorphic mountains to the east.^® Hall 
mid all. his contemporaries Avoro handicapped in their 
geological theoivies liy a complete inap]n’eeiation of the 
importance of suhacirial denudation. For subscribing to 
these errors of their time oven the ablest men should not 
(le held responsible. Hall was the most forcible person- 
ality in geology in his generation. His contributions to 
paleontology were superb. His perception of the rela- 
tion f'xisting between troughs of thick sediments and 
folded slructures Avas a contribution of the first import- 
ance ; yt't in the structural field his argument as to the 
])roduct.ion of the Appalachian folds by mere subsidence 
dinfing deposition indicates a remarkable inability to 



nature of the folds as already made known by the Rogers. 
Dana pointed out in reply to Hall that the folding did not 
correspond to the requirements of Hall’s hypothesis, 
especially as the folding took place not during, but after 
the close of the vast Paleozoic deposition. Dana states 
in conclusion on Hall’s hypothesis ( 42 , 209, 1866) that 
“It is a theory of the origin of mountains with the origin 
of mountains left out.” 

The Theory of Geosynclines and Geanticlines, 

The fact tliat systems of folded strata lie along axes of 
especially thick sediments and that this implied subsi- 
dence during deposition was Hall’s contribution to geo- 
logic theory, but curiously enough he failed, as shown, to 
connect it with the subsequent nature of mountain fold- 
ing. He did not see why such troughs should be weak to 
resist horizontal compression. The clear recognition of 
this relationship was the contribution of Le Conte, who 
in a paper on “A theory of the formation of the great 
features of the earth’s surface” (4, 345, 460, 1872), 
reached the conclusion that “mountain chains are 
formed by the mashing together and the up-swelling of 
sea bottoms where immense thicknesses of sediment have 
accumulated. ’ ’ 

As to the cause why mashing should take place along 
troughs of thick sediments Lc Conte adopts the hypothe- 
sis of aqueo-igneous fusion proposed independently long 
before by Babbage and He.rschel and elaborated into a 
theory of igneous rocks hy Hunt. Under this view, as the 
older sediments became deeply buried, the heat of the 
earth’s interior ascended into them, and since they 
included the water of sedimentation a softening and met- 
amorphism resulted. Dana had shown, however, six 
years previously ( 42 , 252, 1866), as the following quota- 
tion will indicate, that metamorphism of sediments 
required more than deep burial and that no such weaken- 
ing as was postulated by Herschel had occurred: 

“The correctness of Herschel ’s principle cannot he doubted. 
But the question of its actual agency in ordinary metamorphism 
must be decided by an appeal to facts ; and on this point I would 
here present a few facts for consideration. 
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tii\liiiiiorp)ii« l■l^gioll,s luive always seemed to me to bear against 
ho view that the heat eauaing the change had ascended by the 
rory (niiot method recognized in this theory. . . . 

Ihit there are other facts indicating a limited sufficiency to 
hi.s means of motnmorp]ii.sm. Tliese are alforded by the great 
anils and sections of strata open to examination. In the Appa- 
achian region, both of Virginia and Pennsylvania, faults occur, 
IS (le.seri))C!d by the Profes.sors Kogers, and by Mr. J. P, Lesley, 
vhicli afford us important data for conclusions. Mr. Lesley, an 
sxcelkmt geologi.st and geological observer, who has exploi’ed 
lersonully tiie regions referred to, states that at the great fault 
if Juniata and Blair Co,s., Penn.sylvania, the rocks of the Tren- 
oii period are bvouglit np to a level with those of tlie Chemung, 
mikiug a dislocation of at least .16,000, and probably of 20,000, 
net. And yet the Trenton limestone and Hudson Eiver shales 
ire not melamorphie. Some local eases of alteration occur there, 
ueluding patelie.s of I’oofmg .slate ; but the greater part of the 
hales arc no harder than tlic ordinary shales of tho Pennsyl- 
uiuia Coal formation. 

At a depth of 16,000 feet the temperature of the earth’s crust, 
dlowiiig an inerease of 1° F. for 60 feet of descent, would be 
ihout F. ; oi.‘ with 1° F. for 50 feet, about 380° F. — either 
if whieh temperatures is far above the boiling point of water ; 
ind with llio thinner crust of Paleozoic time the temperature 
it this depth should liave boon still higher. But, notwithstnnd- 
ng I hi.s Jient, and also the eomprcs.sion from so great an over- 
yiiig mass, the limestones and shales are not ei’ystallinc. The 
'hango of luirts of tho shale to roofing slate is no evidence in 
'avor of the efric.ieiuiy of tho alleged cause; for such a cause 
ihouhl act uniformly over great ureas.” 

Tlio Tioxt eontrilinikm to tho theory of orogeny wa.s a 
lerios of jiayierR puhlishod in '.IH73 by Dana, entitled “On 
loirio I’esults of the earth’s contraction from cooling, 
ueluding a diflcuasion on tlic origin of mountains and 
lifl nature of tho oartli’s interior.’”^ This contribution, 
,’iewed as a wliole, ranks among the first half dozen 
lupers on the science of mountains. The following 
jiioti'd paragraphs give a view of tho scope of this 
ir(.icle ; 

Kinds and Slriietuve of Mountains,’* 

“While mountains and mountain eliains all over the world, 
uid low lands, also, have umlergoim uplifts, in the course of 
lieir long liislory, that, are not explained on the idea that all 


simple mouMtains or mountain ranges that are the product of 
one process of^ making — may have received, at the time of their 
original making, no elevation beyond tliat resulting from 
plication. 

Tliis leads us to a grand distinction in orography, hitherto 
neglected, which is fundamental and of the highest interest in 
djaiamical geology; a distinction between — 

1. A simple or individxial mountain mass or range, which is 
the result of one process of making ^ like an individual in any 
process of evolution, and which may be distinguished as a mono- 
genetic range, being 07tc in genesis; and 

2. A composite or polygenciic range or chain, made up of 
two or more monogenetic ranges combined. 

The Appalachian chain — the mountain region along the 
Atlantic border of North America — is a polygenciic chain; it 
consists, like the Eocky and other mountain chains, of several 
monogcnelic ranges, the moi’e important of which are: 1. Tlic 
Highland range (includiiig the Blue Kidge or parts of it, and 
the Adirondacks also, if these belong to the same process of 
nialdng) pre-Silurian in formation; 2. Tlie Green Mountain 
range, in western New England and eastern New York, com- 
pleted essentially after the Lower Silurian era or during its 
closing period; 3. The Alleghany range, extending from south- 
ern Now York sonthwestward to Alabama, and completed 
immcdiai:oly after the Caibonifcroiis age. 

The making of the Alleghany range was carried forward at 
first tlirough a long-continued subsidence — a geosynclinal (not 
a iriie synclinal, since the rocks of the bending crust may have 
had in them many true or simple synclinals as well as anti- 
clinals), and a consequent accumulation of sediments, wliich 
occupied the whole of Paleozoic time; and it was completed, 
finally, in great breakings, faultings and foldings or plications 
of the strata, along with other resulis of disturhanec. 

These examifies exhibit the characteristics of a large class 
of mountain jnasses or ranges. A geosynclinal accompanied by 
sedimentary depositions, and ending in a catastrophe of plica- 
tions and solidification, are the essential steps, while metamor- 
pliism and igneous ejections are incidental results. The process 
is one that produces final stability in the mass and its annexation 
generally to the more stable part of the continent, though not 
stable against future oscillations of level of wider range, nor 
against denudation. 

It is apparent that in such a process of formation elevation 
by direct uplift of the underlying crust has no necessary place. 
The attending plications may make elevations on a vast scale 



'oni au upward uumaiieut of tlio dowjLwavd bent crust is only 
1 (ioucouiilanl;, if it occur at all. 

Wc i)tM’i*(‘ivc thus wluu*e the trutli lies in Professor Lc Conte’s 
[ipoi‘la.ut pi*ui(‘ipl.(‘.; It should have in view alone monogGnoUc 
ouiiltiins and (luisc only at ihc time of iheir making. It will 
mi iHuid, ‘plication aiuL sliovinj^'s along fractures being made 
.ore ])roiiiiii(‘u(; (liau c.rusiiing: 

Wicaliou, slioviug along frac.tiiros and crnsliing ai^e the true 
Hirccs ol: lh(i i‘l ovation that talcos })lace daring the making of 
a)syuclina.l inonogiaudic niouulains. 

.And th(\ slaloiuont of Prohmn* Hall may be made right if 
(‘ rec.oginV.('. (lie sauie distinction, and, also, reverse the order 
lul causal lahition of the two events, amiinulatiou and sub- 
(Iciictj; and so maluj it road: 

.Ri'gions of monogtaudh*. mountains worci, previous, and pre- 
aratoiy, lo (he making of (he mounlains, areas each of a slowly 
rogrossing gc'osyiudiiuil, and, conscqueniLift of thick acciunula- 
ons of H(‘(lim('uis. 

The promiiicuco and importunco in orography of tho moun- 
liii iudividuulitlcs (h'sc.rihed uliovo as originating through a 
[•.osyjudimil make it d(‘siral)le Unit they sliould liave a clistinc- 
vt‘. nanu^; ami I tluu'tdoro propose to call a mountain range 
f this kind a synedinariumy from syncMnal and the Greek opo9, 
uHinlnin. 

Mtiis brings us to another important distinction in orographic 
oology— I hal; of a second kind of juouogonotic juountain, Tho 
'/ndinorm wm’o made through a progressing gcosynclinal, 
hose of tho He(H>nd kind, lie.vti referred to, were prodiiced by a 
rogressing gra:nlicli}iaL Tiny ar('. simply tho upward heudings 
i ilu‘ osciHlilions oi^ tlio earlii’s crust — the geantielinal waves, 
ud hardly rctpiiro a H])oc.ial name. Yet, if one is desiml, the 
:o’ni (inlirMnoriinny the c.ovi‘ehil<*. of synclinoriuniy would ho 
pj)r()priat(^ Majiy of tluim liavo disapp<^‘»^i-^'^l course of 

lio oscillations; and ytvt, some may luivo hecn for a time — 
erluips millions of ycsirs — ri‘spo(vtal)lo mountains. 

Tho g(s>syni»linal rangers or* synclinoria have experienced in 
IniOHt all caN(^s, since thoir completion, true elevation through 
rent gfsudhdinal movomcnls, hut movements tliat emlmacod a 
r'idcr rang(j of crust than that oonccriied in the preceding gco- 
ym'linal movcamails, iml(‘od a range of (trust that comes strictly 
udor ilio (UtHignalion of a polygcmetic mass.” 

'^ . 77 / 7 ? Condition- of the JCartlCn Interior, 

”Tho cojuliliou of IlKt (tarlh’s intoior is not among the goo- 
Dgical rc.sullH of (tonlracliou from cooling. But these results 
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A CENTURY OF SCIENCE 

offer an argument of great weight respecting the earth’s interior 
condition, and make it desirable that the subject should be dis- 
cussed in this connection. Moreover, the facts throw additional 
light on the preceding topic — ^the origin of mountains. 

It seems now to be demonstrated by astronomical and physical 
arguments — arguments that are independent, it should be noted, 
of direct geological observation — that the interior of our globo 
is essentially solid. But the great oscillations of the earth’s 
suiffaee, which have seemed to demand for explanation a liquid 
interior, still remain facts, and present apparently a greater 
difficulty than ever to the geologist. Professor Le Conte’s views, 
in volume iv, were offered by him as a method of meeting this 
difficulty; yet, as he admits in his concluding remarks, tlio 
oscillations over the interior of a continent, and the fact of tho 
greater movements on the borders of the larger ocean, wero 
left by him unexplained. Yet these oscillations are not more 
real than the changes of level or greater oscillations which 
occurred along the sea border, where mountains were the final 
result; and this being a demonstrated truth, no less than the 
general solidity of the earth’s interior, the question comes up, 
how are the two truths compatible? 

The geological argument on the subject (the only one within 
our present purpose) has often been presented. But it derives 
new force and gives clearer revelations when the facts are viewed 
in the light of the principles that have been explained in tho 
preceding part of this memoir. 

The Appalachian subsidence in the Alleghany region of 35,000 
to 40,000 feet, going on through all the Paleozoic era, was due, 
as has been shown, to an actual sinking of the earth’s crusb 
through lateral pressure, and not to local contraction in tho 
strata themselves or the terranes underneath. But such a sub- 
sidence is not possible, unless seven miles — that is, seven miles 
in maximum depth and over a hundred in total breadth — unless 
seven miles of something were removed, in its progress, from 
the region beneath. 

If the matter beneath was not aerial, then liquid or viscous 
rock was pushed aside. This being a fact, it would follow that 
there existed, underneath a crust of unascertained thickness, a 
sea or lake of mobile (viscous or plastic) rock, as large as tho 
sinking region ; and also that this great viscous sea continued 
in existence through the whole period of subsidence, or, in tho 
case of the Alleghany region, through all Paleozoic time — an era 
estimated on a previous page to cover at least thirty-five millions 
of years, if time since the Silurian age began embraced fifty 
millions of years. 

The facts thus sustain the statement that lateral pressure 



. \jx. uilC xx.}jpaiauUi£UJ. .LegiOIl 

irougli tlie Paleozoic, but also, cotemporaneously, and as its 
isential prerequisite, the rising of a sea-border elevation, or 
:anticlinal, parallel 'with it ; and that both movements demanded 
le existence beneath of a great sea of mobile rock.” 

The recognition of regional warping as a major factor 
1 the larger structure of mountain systems, and the 
xpression of that factor in the terms geosyncline and 
eanticline forms a notable advance in geologic thought, 
ubsequent folding on a regional scale results in the 
evelopment of synclinoria and anticlinoria. Van Hise 
as given these latter terms wide currency, but appar- 
ntly inadvertently has used synelinorium in a different 
onso than that in which Dana defined it. Dana gave the 
rord to a mountain range made by the mashing and up- 
ft of a geosynclinc, Van Hise defines it as a downfold of 
. large order of magnitude, embracing anticlines and 
ynclines within it; antiolinorium he uses for a corre- 
ponding up fold.^^ Eice has called attention to this 
hange of definition,^® but Van Hise’s usage is liliely to. 
irevail, since they are needed terms for the larger moun- 
ain structure and do not require a determination of the 
irevious limits of upwarp and downwarp, — of original 
[enudation and deposition. Furthermore, a geosyncline 
n mountain folding may have one side uplifted, the other 
ido depressed and there are reasons for regarding the 
bids of Pennsylvania, Dana’s type synelinorium, as 
■epresenting but the western and downfolded side of the 
i’aleozoic geosynclinc. Under that view the_ folded 
^.ppalachians of Pennsylvania constitute a synelinorium 
n both the sense of Dana and Van Hise. 

The Ultimate Cause of Crustal Compression, 

The next important advance in the theory of moun- 
:aina was made by C. E. Dutton who in 1874 published in 
;he Journal (8, 113-123) an article entitled “A criticism 
ipon the contractional hypothesis.” Dutton gives rea- 
sons for holding that the amount of folding and shorten- 
ng exhibited in mountain ranges, especially those of 
rortiary date, is very much greater in magnitude and is 
Jifferent in nature and distribution from that which 
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following quotations cover the principal points in the 
argument : 

‘^The argument for the contractional hypothesis presupposes 
that the earth-mass may be considered as consisting of two por- 
tions, a cooled exterior of undetermined (though probably com- 
paratively small) depth, inclosing a hot nucleus, , . . The 

secular loss of heat, it is assumed, would be greater from the 
hot nucleus than from the exterior, and the greater consequent 
contraction of the nucleus would therefore gradually withdraw; 
the support of the exterior, which would collapse. The result- 
ing strains upon the exterior would he mainly tangential* 
Owing to considerable inequalities in the ability of different por- 
tions to resist the strains thus developed, the yielding would take 
place at the lines, or regions of least resistance, and the effects 
of the yielding would be manifested chiefly, or wholly, at those 
places, in the form of mountain chains, or belts of table-lands, 
and in the. disturbances of stratification. The primary division 
of the surface into areas of land and water are attributed to the 
assumed smaller conductivity of materials underlying the land, 
which have been left behind in the general convergenee of the 
•surface toward the center. Eegarding these as the main and 
underlying premises of the contractional argument, it is con- 
sidered unnecessary to state the various subsidiary propositions 
which have been advanced to explain the determination of this 
action to particular phenomena, since the main proposition upon 
which they are based is considered untenable. 

There can be no reasonable doubt that the earth-mass consists 
of a cooled exterior inclosing a hot nucleus, and a necessary 
corollary to this must be secular cooling, probably accompanied 
by contraction of the cooling portions. But when we apply the 
known laws of thermal physics to ascertain the rate of this 
cooling, and its distribution through the mass, the ohjectionablo 
character of the contractional hypothesis becomes obvious. 

That Fourier’s theorem, under the general conditions given, 
expresses the normal law of cooling, is admitted by all mathe- 
maticians who have examined it. The only ground of contro- 
versy must be upon the values to be assigned to the constants. 
But there seem to he no values consistent with probability which 
can be of help to the contractional hypothesis. The applica- 
tion of the theorem shows that below 200 or 300 miles the cool- 
ing has, up to the present time, been extremely little. . . . 

At present, however, the unavoidable deduction from this 
theorem is that the greatest possible contraction due to secular 
cooling is insufficient in amount to account for the plienomena 
attributed to it by the contractional hypothesis* 


onls (liKuHilin^H 111 tho way of the eoiitractional hypothesis which 
iav(^ Ixuai uiu 1 (‘rnited. It has boon assumed that if a contraction 
il‘ [\\i\ inlorior wave to occiir, tlio yielding of the outer crust 
von\d lake place at lo(*alil:ios of least resistance. But this could 

10 triK^ only on the assumption that the crust could liave a hori- 
onlal movement in whicli the nucleus does not necessarily share. 
V veiMh'.al sec.iiou thvoyigli tlie Appalachian region and west- 
yard to tlio lOOtli moi'idian shows a surface highly disturbed 
:or alxuit two lunulred and llfty miles, and comparatively undis- 
urbed for more than a tliousaud. No one would seriousiy argue 
hut; tlve coiitrai'i.ion of the nucleus had been confined to portions 
mdeiiying llio distiivbed regions: yet if the contraction was 
i^eiieral, there must liave been a large amount of slip of some 
lorliou ol! the undisturbed segment over the nucleus. Such a 
iroposilion would be very difficult to defend, even if tlie pre- 
uiH(‘s gran led. Il; seiarm as if tho friction and adhesion of 
he rruHt upon ilio mmlons liad boon oveiioolcod. Nor could this 
)e Hinall, <iv(m thongli. the <uust rested upon liquid lava. The 
ithuupl.H wlihili Homo omincut geologists have recently made to 
^x\)hiiu KurCaco (‘oi’rugation by this method clearly show a neg- 
w.t on Ihoir part to aualyzo carefully tlic system of forces which 
L contrac.t.iou of (bo mudcnis would generate in tho crust. Their 
liKouHsioiiH have boon argumentative and not analytical. The 
atlor uio.lliod of oxaminalion would have shown them certain 
lifllruHias irrocoiuulable witli their knowledge of facts. Adopt- 
ng llu^ argunumi alive mode, and in conformity with their view 
['ognrding tho extorior as a shell of insufficient coherence to 
amlnin ilm'lf wluni its support m sensihly diminished, the ten- 
loiK'y ol: corrugalion to occur mainly along certain belts, with 
«ierir‘H of jiarallol folds, is not explained by assuming tliat tliese 
ocidilii's are ri'gicms of weakness. For a shrinkage of the 
fUU’hsiH would tlirow (uuffi elementary portion of tho crust into 

11 alaie of slraiii by tlie action of forces in all directions within 
its own langcml; ])latm. A rcli(!(: by a ]iori?:outal yielding in one 
[li red ion would l)y no means ho a general relief.'^ 

Dullon’H orliudHiUH robbed tlic current hypothesis of 
moiinlainnnaking of its convontioiial basis without pro- 
viding a Tuw ronudation. It was a quarter of a cen- 
tury in juU'ancui of its tirno,^has been seddom cited, and 
Hooina to l)av(^ had hut little' direct influence in shaping* 
HubstMiuoiit thouglit. It, howqver, gave direction to Dut- 
ton's vi(‘WH, and hi.B later papers were far-reaching in 
lh(‘ir mdiuvneo. 

Tf contraction from external cooling is not the cause 


cause. Two years later, in ISTo, Dutton attempted to 
provide an answer to this open question.^'^ A review of 
this paper, evidently by J. D. Dana, is given in the Jour- 
nal. The following explanations of Dutton’s theory and 
of Dana’s comments upon it are contained in a few para- 
graphs from this review (12, 142, 1876). 

^'Captain Dutton presents in this paper the views brought out 
in Lis article in volume viii of this Journal, with fuller illustra- 
tions, and adds explanations of his theory of the origin of moun- 
tains. The discussion should be read by all desiring to reach 
right conclusions, it presenting many arguments from physical 
considerations against the contraction-theory, or that of the 
uplifting and folding of strata through lateral pressure. There 
is much to be learned before any theory of mountain-making 
shall have a sufQcient foundation in observed facts to demand 
full confidence, and Captain Dutton merits the thanks of geolo- 
gists for the aid he has given them toward reaching right con- 
clusions. His discussions are not free from misunderstandings 
of geological facts, and if they fail to he finally received it will 
be for this reason. 

We here give in a brief form, and nearly in his own words, 
the principal points in his theory of mountain-making as 
explained in the later part of his memoir. 

Accepting the proposition that there is a plastic condition of 
rock beneath the earth’s crust and that metamorphism is a 
‘hydrothermal process,’ and believing that ‘the penetration of 
water to profound depths [in the earth’s crust] is a well sus- 
tained theory,’ he says that great pressure and a temperature 
approaching redness are essential conditions of metamorphism. 
. . . ‘ The heaviest portion would sink into the lighter colloid 
mass underneath, protruding it laterally beneath the lighter 
portions where, by its lighter density, it tends to accumulate/ 
He adds : ‘ The resulting movements would be determined, first, 
by the amount of difference in the densities of the upper and 
lower masses, and, second, by inequalities in the thickness of 
the strata: the forces now become adequate to the building of 
mountains and the plication of strata, and their modes of opera- 
tion agree with the classes of facts already set forth as the 
concomitants of those features.’ 

The views are next applied to a system of plications. ‘It has 
been indicated that plications, occur where strata have rapidly 
accumulated in great volume and in elongated narrow belts; 
that the axes of plications are parallel to the axes of maximum 
deposit; and that the movements immediately followed the 
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wilicli I hi', ai'i'iiiiiiiliiliimf? nvoraffod 40,000 feet. He observes: 

‘ Wht’i'i'Vi'r I lie lead ol: sediments becioiucs heaviest, there they 
sink (leepesl, prelrudinp: (lie eolloid magma beneath them to the 
adjoining ureas, whieli arc Jess heavily weighted, forming at 
enee holli synelinals and anlieiinahs.’ 

Will: regard to Ibis new theory, we might reasonably question 
(iie I'xislenee. of (he eolloid magma — a condition fundamental to 
tile Ihetny^ and liis evidence that water penetrates to profound 
depths in Ihe earlh’.s crust snfiieient to make hydrous rocks. 
\Ve might ask for evidence (liat the rocks beneath the Cretaceous 
ami 'I’erliary. ajul other uuderlying strata of the Uintahs, were 
in such a eolloid slate, and this so near the surface, that the 
‘lieds subsided by their gross wniglit as rapidly as they grew.’ 

Again, he say.s Unit tlic movements of mountain-making 
‘immedialely followed the deposition.’ ‘Immediately’ sounds 
qiiiek t.o one. wlio ajiin-eeiates the slowness of geological changes. 
Tlie Cm'honlfi'i'ons ago was very long; and somewhere in that 
])art of geological time, eiUier before the age liad fully ended, 
or some, time after its close, the epoch of catastrophe began.” 

Wf' Hoo foroHlifvdowod in tMs paper the theory of 
i.soHiiiHy, or (umdition oi: vertical equilibrium in the crust 
which Dutton ])ubliHhod in 1889. This theory has borne 
ri'inai’knlilo fruit, hut Dutton attempted to link to it the 
horizontidly compressive forces wliich have produced 
foidiug tiud overthi'UHtiug. 'Willis in 1907^'' and Hayford 
in 1911, overlooking Dana’s oh.jections, have attempted 
1.0 inalcc a latc.ral isostatic nndertow the cairse of all hori- 
goiiial mot'cnioutH in the crust, adopting the mechanism 
of Dutl.on. 9'lio present writer, although accepting the 
)irhiciplc of isostasy as an explanation of broad vertical 
movcmciilH, lias puhlislind papers which go to show the 
inadmiimcv of this hypothosis of lateral pressure ; inade- 
(liiate in tiine rc'lation, in amount, and in expression.’-® 

In 19();5 it was dcliermined by several physicists that 
111 !' malcriala of the earth’s crust were radioactive and 
muHt gf'iu'vate lln-oughont geologic time a quantity of 
hunt wliic.li iK'.rlinpH equalled that lost by radiation into 
Hpiice. Dy 1907 tiiis had become demonstrated. The 
reniarkfiiiie conclusion had boon reached that the earth, 
nKlumgh losing lieat, is not a cooling globe. Dut- 
lon’.s contoiilioiiH against mountain growth through 
exioviuil (‘.ooliiig and contraction wore thus unexpectedly, 


to be true. 

Nevertlielcss, all students of orogeny are agreed that 
profound compressive forces have been the chief agents 
in developing mountain structures. Chamberlin was 
the first to arrive at the idea that the shrinkage may 
originate in the deeper portions of the earth under the 
urgency of the enormous pressures, apparently by giving 
rise to slow recombinations of matter into denser 
forms.^'*' 


The Neiv Era in the Interpretation of Blountain Structures. 

In the meantime, between 1874 and 1904, another 
advance in the Imowledge of mountain structures was 
taking place in Europe. Suess studied the distribution 
of mountain arcs over the earth and dwelt upon the 
prevalence of overthrust structures ; the backland being 
thrust toward and over the foreland, the rise of the 
mountain arc or geanticline depressing the foredeep or 
geosjmcline. Bertrand and Lugeon from 1884 to 1900 
were reinterpreting the Alpine structures on this basis. 
They showed that the whole mountain system had been 
overturned and overthrust from the south to an almost 
incredible degree. Enormous denudation had later dis- 
severed the northern outlying portions and given rise to 
“mountains without roots,” — isolated outliers, consist- 
ing of overturned masses of strata which had accumu- 
lated as sediments far to the southward in another por- 
tion of the ancient geosyncline. 

On a smaller scale similar phenomena are exhibited in 
the Appalachians. "Willis showed that the deep subsi- 
dence of the center of the geosynclinc gave an initial dip 
which determined the position of yielding under compres- 
sion. Laboratory experiments brought out the weakness 
of the stratigraphic structure to resist horizontal com- 
pression. The nature of the stratigraphic series was 
shown to determine whether the yielding would be by 
mashing, competent folding, or breakage and overthrnst. 
The problem of mountain structures was thus brought 
into the realm of mechanics. These results were pub- 
lished in three sources in 1893, — the Transactions of the 
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nuijtl r(']i()rt of tlio ITuitod States Geological Survey, 
1(1 (ho .Jouriuil (46, 257, imS). 

.Fhiully should ho, not(Hl tho contributions of the Lake 
upc'vior ao.liool of^ ^fOolof>y, in which tho work of Van 
iso stmids lu'oiiininont. Under tho economic stimulus 
.v(ni by (ho (lisoovory and dovelopmont of enormously 
ch_l)odi('H of iron ore, hidden under Pleistocene drift 
id involv('d in the coni]dex structures of vanisheci moun- 
du systc'ins of ancient date, structural geology and met- 
unrphism have hocome exact sciences to he drawn upon 
i the sciarch for mineral ivealtli and yielding also rich 
'l.unis in a fuller knowledge of early periods of earth 
islory. 

Cruftt MovementH an Jtevealed hy X’hysiograplty. 

During ilu'_ last (]uarter of tho nineteenth century 
!iother (liviHiou of geology, dominantly American, was 
dciug form and growth, — tho science of land forms, — 
liysiogrniihy. triKi history of tliat development is 
•('utetl liy Gregory in tlio_])receding chapter but some of 
H hearings upon theory, in so far ns they aifect the sub- 
‘ct of mountain origin, are neceaaai'ily given here. 
Powell, Dutton, and (iilhert in their explorations of the 
/'est saw the stupendous work of denudation which had 
leu curried to completion again and again during the 
rogress of geologic time, d’he mountain relief conse- 
iiently may he much younger than tho folding of the 
)ckH, and may he. largc'.ly or ('.vcm wholly due to recurrent 
Inteau movenu’ut, a doctrine to which Dana had pre- 
iously arrived. But the introduction of the idea of tho 
eiiepiain opened up a lu'.w field for exploration in the 
atureanddaleof crust movements. Davis bythismeans 
egan l.o study the later chapters of Appalachian history, 
10 most imporlant early jiaper being published in 1891.^^ 
incio (hen Davis, Willis, and many others have found 
int, girdling tho world, a large part of the mountainous 
ilief is due to vertical elevatory forces acting over 
■gions of previons folding and overthrmst. In additmn, 
r('nt itlafenu ureas of unfolded rocks have bepn bodily 
fled one to two miles, or more, above their caidier levels. 

ia 


walls ox proroimd tracturos. 

The linear mountain systems made from deep troughs 
of sediments have come then to be recognized as but one 
of several classes of mountains. This class, from its 
clear development in the Appalachians, and the fact that 
ixiany of the laws of mountain structure pertaining to it 
were first worked out there, has been called by Powell the 
Appalachian type (12, 414, 1876). A classification of 
mountain systems was proposed by him iii Avhich moun- 
tains are classified into two major divisions, those com- 
posed of sedimentary strata altered or unaltered, and 
those composed in whole or in part of cxtravasated mate- 
rial. The first class he subdivides into six sub-classes 
of which the folded Appalachians illustrate one. It 
appears to the writer that Powell’s classification gives 
disproportionate importance to certain types which he 
described; but nevertheless, the fact that such a classi- 
fication was made, indicates the growth of a more com- 
prehensive knowledge of mountains, — their origin, struc- 
ture, and history. 

Jielations of Crxist Movements to Density and Equilibrhim, 

A recent important development in the fields of geo- 
physics and major crust movements consists in the incor- 
poration into geology of the doctrine of isostasy. The 
evidence was developed in the middle of the nineteenth 
century by the geodetic survey of India which indicated 
that the Himalayas did not exert the gravitative influence 
that their volume called for. It was clear that the crust 
beneath that mountain system was less dense than 
beneath the plains of India and still less dense than the 
crust beneath the Indian Ocean. This relation between 
density and elevation indicated some approach to flota- 
tional equilibrium in the crust, comparable in its nature 
though not in delicacy of adjustment to the elevation of 
the surface of an iceberg above the ocean level owing to 
its depth and its density, less than that of the surround- 
ing medium. This important geological conception was 
kept within the confines of astronomy and geodesy, how- 
ever, until Dutton in 1876, but especially in 1889, brought 
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he niiil(><l State's liy l.'iitiiam and Gilbert in 1895 and 
micli HKirc claliorata lma'.stiii,'ations have since been made 
ly Ilaylord^ and Howie. ^I'lie.ste investiffations demon- 
itrale the iinportane.e' and veadity of broad warping 
‘orees aehiiig vei'tie.iilly and r(',lat(!d to the regional varia- 
■ioiis of density in the e.rnst. 

•■riiei-e ju'o e,ons('(iuently two major and unrelated 
•■lasse's of f'orec'H involved in the making of mountain 
ttnieliives,- IIk'. irrc'sistible liorizontal compressive 
'orees, arising api)ar(mtly from condensation deep within 
he earth, and verlie.al fore.i's originating in the outer 
'iivelopeH and tending toward a hydrostatic equilibrium. 
In_ (Itis latte.r iie'.ld of investigution, America, since the 
.nitial papi'r l)y Dutton, has taken the load. 


on ContrihnKottH of yinierioa to Theories of 
Orof/c»//. 

The. se,i(!iK!(!B arose in iOurope, ])ut those which treated 
:if (h(« earth wcu-ci still in their infancy when transplanted 
to Aituiriea. d'he first eomprelicnsivo ideas on the nature 
if mountain Htrnetures arose in Great Britain and 
h'raiK'o. _ triieso ideas served as a guide and stimulus to 
(ihservntion in the recognition of deformations in the 
strata of the Apiiahicliian system. Since 1840, however, 
America has ceased to be a pupil in this field of research 
lm(. has joined as an eciual with the two older countries. 
New ideas liave been c.ontrilinted, now and striking illus- 
(l•a(ioUH cited, first liy the scientists of one nation, next by 
(hose of another. The composite mass of knowledge has 
grown as a common poHsession. Nevertheless, a review 
of (iie progri'SR since 1840 as measured by the contribu- 
tion of ni'W ideas shows on the whole America at least 
equal (o its intellec.t.iml rivals, and at certain times 
actually the leadi'r. il'his is true of the science of geol- 
ogy as a whole and also of the subdivision of orogeny. 

Thus far no mention has been made of German geolo- 
gists, with ibe exeepUon of Ruoss, an Austrian. German 
geology is voluminous and the, names of many well-known 
geologists could be cited. But this article has sought 
to trace the origin and growth of fundamental ideas. 


preeminent as systematizers and classifiers, seldom orig- 
inators. Even petrology, which might be regarded as 
their especial field, was transplanted from Great Britain. 
In the science of mountains they have followed in their 
fundamental ideas especially the French. 

Turning to the mediums of publication through which 
this progress of knowledge in earth structures has been 
recorded, the American Journal of Science stands fore- 
most as the only continuous record for the whole century 
in American literature, fulfilling for this country what the 
Quarterly Journal of the Geological Society has done for 
Great Britain since 1845, and the Bulletin de la Societe 
Geologique for France since 1830. 
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A OlONTirilV OF (lOVEUmnmT OEOI^OOICAIi 

SlIRVl'TVB 

lly <;i':<)K(JI(: OTIH HMITH 

DIrorlor of tUo llnltril HUUoh (Jooloffloiil Survey 

W !i Finlf'rul T5urt>!ui iiiuHt lin oonsuTerccI a 

Iii’tt<lii('(. (if cvdltil.loii: (lit! iKwI. of tlio Ihiitcd States 
( li'dlti/jrlc.ul Survey far aiiie.datc^H MutcIi 15, 1879. 
'I'lie scope of endeavor, tlui reCnu'.uumt ot method, and 
('speeinlly llie jiersotiuel ol’ the lUHvly (sroatod service of 
iiiat day wert' lnrfj;i>ty inheriU'd I'roin pioneer’ organiza- 
li<iii.s. 'I'liererore a re\’iew of tlui country’s record of 
surveys under (ioveriinieut. auH])ice.s hecomos more than 
a Kraleful aeknowledfj;uu'u(. l)y the pre.sent generation of 
gtsilogisls of Hie eredil. due to those who blazed the way; 
it shows (lie seijueiieo and progress in the contributions 
iimde liy geologic, selelieii to iiuluHiry, 

'Plu' (’urlier slagi's in industrial evolution merrtionod by 
Hess' exploitation, development, and maturity — dotor- 
miue a soniewluit similar iirogressivo development in 
geologic, irn'esligaliou, so that geogrnpliic exploration 
and geologic, reeoiiuuissaue.e of the broadest typo are the 
uoruial eoiilribullon of exact Hcienee whenever and 
wherever a uulioii is in the state of exploitation and 
iifilial developnieiit of i(s mineral and agricultural 
resources. 'The ndliienieiiiH of detailed surveys and 
(luaulilalive exniuiuatious belong rather to the next stage 
of iideiisive ill ili'/.al ion, or, indeed, they are the essentials 
preliminary (o full use. d'lius regrets that tlic results of 
pn-sctitday work were not availalilo fifty years ago nro 
largely vain: llie falliers may not have been without the 
visioir; (Iiey simply did the work as their day and goner-, 
niiou iieedisl it done. 




address berore me (ieoiogicai society oi w asmngton, 
divided the history of Governmental surveys in this 
country into two periods, separated in a general way hy 
the Civil War. The first of these was the period of geo- 
graphic exploration, the second that of geologic explora- 
tion. Mr. Emmons of course regarded this subdivision 
as not hard and fast, yet his dividing line seems logical, 
for not only did the military activities in the East neces- 
sarily suspend exploration in the West, but after the war 
national, political, and economic considerations led nat- 
urally to the demand for a more exact knowledge of the 
vast national domain in the West. Geography and geol- 
ogy are so closely related that Mr. Emmons’s distinction 
of the two periods is useful only with the limitations 
inferentially set by himself — ^namely, that while geologic 
investigation entered into most of the explorations of the 
earlier period, the geologist was regarded as only an 
accessory in these exploring expeditions ; on the other 
hand, in the later surveys the topographic work was 
developed because it was essential to, the geologic 
investigations. 

The year 1818 was a notable one in American geology, 
first of all in the appearance of the American Journal of 
Science, itself so perfect a vehicle for geological thought 
that, as is so well stated by Dr. G. P. Merrill, “a perusal 
of the numbers from the date of issue down to the present 
time will alone afford a fair idea of the gradual progress 
of American geology.” The beginning of publications 
on New England geology appeared that year in Edward 
Plitchcock’s first paper on the Connecticut Valley (1, 105, 
1818) and the Danas’ (S. L. and J. E.) detailed geologic 
and mineralogic description of Boston and vicinity; and 
the “Index” of Amos Eaton (noticed in this Journal, 1 , 
69) was the first of that long list of notable contributions 
to American stratigraphy that are to be credited to the 
New York geologists. 

In the present discussion, too, the year 1918 can be 
regarded as in a way the centennial of Government geo- 
logic surveys, for it was in 1818 that Henry B. School- 
craft began his trip to the Mississippi Valley — ^perhaps 
the first geologic reconnaissance into the West — and it 
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a luonibor of tlio Cass expedition sent out by the Secre- 
tary ol' "VVui’ in 1820 to examine the metallic wealth of the 
Lake Snpi'vior region. The oarlior Government explora- 
tions of Lewis and Clark, in 1803-7, and of Pike, in 1805-7, 
w(!re so (\xe.hisively jA'eosraphic that geologic work mider 
hk'deral aiispicu's nmst bo_ regarded as beginning with 
Selioole.raft and with Edwin .lames, the geologist of the 
ox|)ediiion of Major T^ong in 1819-20 to the Kocky Moun- 
tains. Loili these', observers published reports that are 
valnabh'. as contributions to the knowledge of little- 
known regions. 

Any desc.viplion of geologic work under the Federal 
Government that inoliah-.d no rcforence to the State 
Hnrv('ya would bo inadofiuato, for in both date of 
exc.cul.ion and stage ol.' development the work of the State 
gc'.ologists must lie given precedoneo. In Merrill’s Con- 
trUailions to the History of American Geology," whose 
modest title fails even to suggest that this work not only 
furnishes the most useful clironologic record of the 
progress of Ihe sc'.lenoo on the American continent but is 
in fac.t a v<iry thesaurus of incidents touching the per- 
sonal side of geology, the author by his division of his 
snlijee.t shows ihat four decades of the era of State sur- 
veys elapsed iK'fore the era of national surveys began. 

ll’hus the geologic surveys of some of the Eastern 
Slates antedate by several decades any Federal organ- 
ization of c.omparahle geologic scope, and in investiga- 
tions directed lo local utilitarian xu’obloms these pioneer 
geologists working in the older settled States of the 
Easl. w('re in fact already conducting worlc as detailed in 
typo as jiiiieh of Ihat attempted by the Federal geologists 
of the laler ])('riod. I'lvt'u to-day it is true in a general 
way that the Slate geologist can and should attack many 
of ids local problems with intensive methods and with 
detail of I’esnlls Ihat are neither i)ra,ciical)lo nor desirable 
for the largi'i’ int('rstate investigations or for exaraina- 
tions In newer h'n'ilory. All this relation of State and 
hk'deral work must he look('d upon as normal evolution- 
ary devf'lopnu'nt of geologic science in America. 

One who reads the names of the Federal geologists of 
the early days, beginning with .Tackson and Owen and 


and Walcott, may note that these were all connected in 
their earlier work with State surveys. Nor has the rela- 
tion been one-sided, for among the State geologists 
Whitney, Blake, Mather, Newberry, J. G-. Norwood, Pur- 
due, Bain, Gregory, Ashley, Kirk, W. H. Emmons, 
DcWolf, Mathews, Brown, Landes, Moore, and Crider 
received their field training in part or wholly as members 
of a Federal Survey. Moreover, under the present plan 
of effective cooperation of several of the State surveys 
with the United States Geological Survey, it is often dif- 
ficult to differentiate between the two in either personnel 
or results, for it even happens that the publishing organ- 
ization may not have been the major contributor. The 
full record of American geology, past and present, can 
not be set forth in terms of Federal auspices alone. 

The three decades preceding the Civil War, then, con- 
stitute the era of State survej'^s, well described by Mer- 
rill as at first characterized by a contagious enthusiasm 
for beginning geologic work, later by a more normal 
condition in which every available geologist seems to 
have been quietly at work, and finally by renewed activity 
in creating new organizations. The net result was that 
Louisiana and Oregon seem to have been the only States 
not having at least one geological survey. 

The first specific appropriation by the Federal Govern- 
ment for geologic investigation appears to have been 
made in 1834, when a supplemental appropriation for 
surveys of roads and canals under the War Department, 
authorized in 1824, contained the item “of which sum 
five thousand dollars shall be appropriated and applied 
to geological and mineralogical survey and researches.” 
In July, 1834, Mr. G. W. FeatherstonhaugliAvas appointed 
United States geologist and employed under Colonel 
Abert, U. S. Topographical Engineers, to “personally 
inspect the mineral and geological character” of the pub- 
lic lands of the Ozark Mountain region. Oveiiooking 
the incidental fact that this Englishman — a man of 
scientific attainment and large interest in public affairs — 
was never naturalized,® it must be placed to the credit of 
this first of United States geologists that within seven 





K((iiiIi!Uif.';Ii liful nu'morializcil CmigTOsa for aid in the 
Iirciiuniliiui of n nui]) of: the whole territory of 

ilu* rnilfd Slalt'.M, and in cotnioc.f.ion with this project he 
Hiijrivt'Hlod Hint. K<‘<dnf;'y a,s an aid to military engineering 
should liavo a i)la(io in the curricailnm at West Point. 
d’hiH first Uulfod Stalos gi'ologist also appears to have 
coiiiliini'd an approi'intion of flio practical woi'th of “the 
iniiioral l•i(•ll('s of onr country, tlioir quality, quantity, 
and Ihc facjlil.v of jirocnring thoui,” with an interest in 
llic more .sciimlific. side' of geology, though his hypotheses 
regarding liofh ('e.onomlc geology and stratigraphic and 
strneliirai geology liavo not Avon, the endorsement of all 
later workers in ilie same regions. .Tn all these respects, 
however, ji’eatliersionhaugh may stand as a fairly good 
proldlypi'. .11 is eontrilnitions to international affairs 
Huliseqneut to his scientifie. servleo to the United States 
are of inf ('rest; lie served as one of Her Majesty’s com- 
missioiierH in the settlement of tho Canadian-United 
Stales Itoniulary (im'siion in 18:19-40 and made an exam- 
inalion of the disputed area, and after the settlement of 
I Ills eoul roN'erHy he was uppohitod British Consul for the 
Depnrimeiit of the Seine, Uranco, whore in 1848 he per- 
sonally engineered tho eaoapo of Louio Philippe from 
I lavre. 

■'Pile federal geologic Avorlc thus started Avas soon con- 
tinued in Hurvi'ys of Avider scopo and more thorough 
ne.e.omplishment.' O'lio position of the Government as the 
proprietor of mlrn'ral lands in tho Upper Mississippi 
VOdley l('d to tlu'ir examination. Those Government 
luiiils’ e.oulaining haul hud heen reserved from sale for 
l.'use since 1 807, al though no leases wore issued until 1822. 
’Pile amount of illegal entry and consequent refusal of 
smellers and miners to pay royalty after 1834 forced the 
issue upon llie al.tention of Congress, and in 1839 Presi- 
dent \’au Uureii Avas refjuested to ^iresent to Congress a 
plan i'or (lie sale ol' the ']uil)lie mineral lands. In carrying 
out (his policy Dr. David Dale Oavcu was selected to 
make I he iieeessiiry survey. _ 

( )\veu had ser\'ed ns an assistant on tho otatc feurvey 


work — within exactly a month ho had his iorco of 
assistants organized into 24 field parties, instnietcd in 
“such elementary principles of geology as wore neces- 
sary to their performance of the duties rciiiiircd of 
them.” His plan of campaign provided for a northward 
drive at a predetermined rate of traverse for each party, 
with periodic reports to himself at appointed stations, 
“to receive which reports and to examino the country in 
person” he crossed the area under survey eleven times. 
The result of such masterful leadership was tho complo- 
tion of the exploration of all tho lands comprehended in 
his orders in two months and six days, and liis roi>ort on 
this great area — about 11,000 square miles — ^hoars date 
of April 2, 1840. 

Eight years later Doctor Owen mado a survey of an 
even larger area, continuing his examination northward 
to Lake Superior. Again his report was puhlishod 
promptly, and he continued for several years his exam- 
ination pf the Northwest Territory, suhinlttiug his final 
report in 1851. It is interesting to note that in his 
earlier report Doctor Owen subscribed himself as “ Prin- 
cipal Agent to explore the Mineral Lands of the United 
States, ’ ’ but that in the later report ho was ‘ ‘ IT. S. Q oolo- 
gist for "Wisconsin.” The two surveys together covered 
57,000 square miles. 

During the same period similar surveys wore being 
made in northern Michigan by Dr. Charles T. Jackson, 
1847-48, and Poster and Mdiitncy, 1849-51. Those sur- 
veys also had been hastened by tlio “copper fever” of 
1844-46, with wholesale issue of pcjmits and leases, Con- 
gress m 1847_ authorizing tho sale of tho mineral lands 
and a geological survey of the Lake Superior district. 
Ihe execution of these surveys under Jackson and under 
Whitney and the prompt publication in 1851 
^ whole region materially helped to 

establish copper mining on a more conservative basis. 
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AVils rapid.' 

Tlu'si' land clnssillcal ion survoys, witli tluur dofinito 
jairposo, n'pri'sonl llu' Ih'hI; Kt'nloiH'io work of tlio time. 
Till' plan lUHM'ssiialod llioroniA'lif^niinji; JuM work with con- 
aidt'ralilo dclail and i)r(anpl; pnl)li{iation of systematic 
n'porls, and in llu' working np of tlio ro.snlts specialists 
like .lanioH Hall and Joseph L(udy contributed, while 
I'k H. Meek was an a.ssislant of Owen. Tt is worthy of 
nolo Hint had tail. Hoelor I loughton, tlui Htate geologist of 
hliehigan, niel an untimely dealh in 1H47, elTectlve coop- 
eration of lilt' State Survt'y with the Federal officials 
wonltMiavt!^ eombined geologic investigation Avith the 
exeeulitm of (In' linear surveys.''' 

Itelouging lo Hie same ]ieriotl of geologic exploration 
was the service of ,). H. Hana, ns United States (leologist 
on Hie Wilkes I'lxjiloriiig I'jxjie.dition, the disaster to 
which fiimpellt'tl Ids reliini from the I’acific (least over- 
land anti restilleil in his getilogic ohservations on Oregon 
and iitirlheru ( hdiftirnin. 

'I'lie mililary e.speiliJioaH during the decade 1850-00 
and Hie earlier expetlilions of Fremont adtled to the 
getigrapltitt kntiwleilgi- of (he Wesli'ni cmmtry and also 
c.ontrihuletl (o geologie. seieiiee, largely through collec- 
tions of rtieks aiitl fossils, usually reiiori.eil on hy the 
spetiialisls of Hie tiny, h'hus Hie names of Hall, Con- 
rad, Ilileiieneli, niitl Meek a[iiu'ar in the luihlished 
reporls on these explorations, while Marcou, Blake, 
Newberry, (libbs, Mvniis, Hayden, Barry, Ulmmard, 
Sehiel, Antisell, aiitl h'lUgelmanu were geologists attached 
to Hie tiehl expetlilions, III IKn^ geologic investigation 
AVUH seemingly so ptipular ns to neeessllain the statutory 
pruliihilion "there shall be no furlht'r geological survey 
by the HoVenimenI unie.ss hereafter autliorixed by law.” 

Certain of these explorations had a_ specific pur- 
pose; Hi'i'eral td' them sought a jiractical routo for 
n transeontinenlal railroail; niiotliey a new wagon 
road aeross Utah anti Nevada; and orie^ under 
(htlonel Hope, with (i. H, Sliuiiiard as getilogist, xyas 
sent Old "for borime Artesian Wttlls along the lino 
of the lihtl Harallel” in New Mexico. The puh- 


cart'l'iiliti-SM (if jiirparal lull, whili* the jutliliciUictn r»f ( 
least Ivti ri'iuu'lH was tli-!a_M-tl unlit tuiu,' iit’tor tlw wa 
iitul llu' uiauustTipl til" aiiiilluT uaH lust. *rhfi report < 
tlu' exiii‘t!itlt»u til" Majur I'lumry fuiitaiiiefi a colors 
p:<‘ultt,s?u> nmit Ilf till' wi'-ti'i'ii luiti" nl" tlu* emnstry, a plow* 
pulilicfilifui, fur till' tiinp pri'jtari'ii by Mariam exleftil 
only fu Ihu HKltli lueriilinn. 

^riiUH ill tlu' lli'sl pi'i'inii Ilf ( litvcriniii'iif surveys, eov* 
inir ulumt forty yours, flio j.rrr!il Wont, with its wealib 
luihlic. ImitlH, wa.s woll iravorM-tl hy exploratory survr'^ 
whirh rurni_Hlio(l, however, only jreneral oiitlitum for 
coinpvi'ht'iiHion of the at ratiscraphy and Hlnietiire 
nuumlain and valley, plain anil plateau. To an even k 
(loftToo xviiH Ihort' any realisation of the t'eonoinip 
hiliiiea of the va-nt territory we.sl of the Mississip 
Proaidenf; JelTerHon, in plan'ular.!: tin* Lewis nml (% 


oxpodilion, liad h(h((*( 1 hin Htit^cdal iu th(' niinM 

rnsnn'tv»no ii.. j \ i i fuj 


TosonreoH oF fho (d h(« travt*rH<*d. Kf^arlv 

yoni'S Inior poeddr Owon was afrdaidy iiaprc»Km»fl w 
tho connnere.ifil prnmiHe td’ the refjlou he Hitrveyecl. 1 
reports contain unalyKeH of oroH aiul KtatisticH of prod 
j ‘!'''^'l'Hred iho Ii'uil ontput of WiHconsitt. Itr 
^Ibnoia with that, of lOnrope and foretolil the vr 
or tho irtm, copiiex, and '/iiie. ilepimits of the nreti; 
outlined tlio extent of the Jllinois eoal fiehl; and lie I 
oqnal omphaals upon (ho aKrioultural jioKHihilitieH of 
egion. Indeed, so optlnimtie. wi're Owi'h’h general o 
^^9 referred to liin Hi'pnrHln (owiiHliip pli 
dotnilod deHeriplioiiH, as (ho ImHiH for hia ” 

gnino oninioria n. , ,,,i i .. 


gmno opinions, realizing (hut ’“(in' explorer ia apt 
vLT® plender.'» -V ’ ' ' ‘ - 


With etpial liroadfh 


tor oxee.uiion (ho aiirveya of P 

tw and mitney laid tho foundation for 
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of louiuiation for tho developmt 

ree-ioS reHoure.t'H id’ llio Lake Hnper 

and Ttof ^^^oso areas worn largely wildorn' 

or easv oliHervnt 


and tiA+ ri ‘^y'-aougu meso areas woi 

rGr)orfa^^^°^i!^9 ira verso m .•n.i.v 

most fnZl® w”' .99^ oxplorntions novorlheloss comp 

% in tho oontribntions of gonlogisla we 

The nAriA^^.p Jjospitablo regions in (he oldor Hfafe* 
of natio^ci nntiirally hocn 

o-t expansion, tho faces of many xvoro tun 


w'slwiini. ami axphirai mu ol lliu luilioiinl doiimin for its 
indusirial imsHiliilil it-s look on I'rosli iuUu'ost. lioinc- 
scfkcra am! minors larM'oly madt' up lliis army of peaco- 
ful invasion, and flio wiiinin.i^; of (li(> Wt'st li(!fj,'an on a 
soalo ((uili' dilToroni from llial of llio days of Hus luilitary 
palli lindin;.!: oxpi'dilions of Kromonl, iuid otluvr Army 
ollu'ors. Thus I ho indion was arouscat to the task of 
Invi'slmnilin.a: ils |inlilio. lands and (lon^^n'osH ;j;avo tho snp- 
]iorl. noodocl lo mako K‘'oloj;io, oxploraliou possihlo on a 
lai’n'o scaii'. 

(Joiilo/fio sni’\‘oys ol a liifjfli ordor worn contlinu'.d 
in Iho oldor Slalos,^ as shown hy llu^ c.ontrihutions 
<lnrinK this period of .1, 1*. hosloy and (1, if. Cook in 
(ho I'lnsl, \V. ('. Korr, M. \V. HilJ^ar(l, and hi. A. 
Mniidi in iln« Smdh, and .1, S, No.wlH'ivry, C. A. 
Whilt', Kaplnu'l I’ninpolly, '1'. (k (lluunhorlin, Alox- 
andor W'inoholl, and 'I'. Ik Brooks in iho Coniral Hiatos. 
'Po Iho norih llii' Canadian Survey, or^oinizod in ilH41 
under IiOKan, had oonlinmal iimlor (lui Bamo sturdy 
loadi'i'ship unlil ISli'l, when llu' t'Kperienoed and tahmtcd 
Jloolor Sidwyti Iioofitno hiroolor. Ah ((oiitrastod wKli tho 
short oaroors of most of the Slain Surveys and with tho 
lomporary olmraolor of all of lht» h'o.diiral unde.rlakings 
in gi-ologio. invosligalion, Iho oonlinnaiuio of tho Caua- 
dinii (loologioal Survey for niorn lhan Jialf a o.oniury 
under Iwo direolor.s gave opporluiiity for ooniiuuil.y of 
(dTort in mnlung known to Iho people of the Dominion its 
rosourooH ami /d. (he same (itno oordrihuting to tlio world 
muoh pure .seienee, 

I'aHsing wilh simple inenlion the (wo (levernmeni; oxpo- 
dilions into llm Blaek Kills, whieh al'forded opportunity 
for geohude o'liphiralioH hy II. Witieliell in !H74ai)dhy 
.lonney and N'ewlon in l‘'To, (he reeord of geologie work 
under Ko\frnmenl ansiiiei-s in Iho ptn'iotl inimodiatoly 
following the Civil \\';ir groups ilself around the natiKiS 
of four leaclers llaydeit, King, Dowell, and Wluu'ler. 
'Pile four orgaui/.alions, dial ingnished (aimnionly hy tho 
uames of flieso four maslerful organi/ers, oec.upiial tlio 
We.slern held more or le-s eonlinnonsly from IHli? to lH7h, 
and the .sum lolal of their emit rihuiions to geography 
and geoloi'V wan large indeed. In the words of Chireuoo 
King,'* "Kigldeeu hundred and sixl y-seveti, thoreforo, 


ing point, when the science ccnised to bo clraggod in the 
dust of rapid exploration and took a coininandhij? posi- 
tion in the professional work of the, country. ’ ’ _ Togctlior 
these four expeditions covered lialf a niilliou sqiinro 
miles, or more than a third of the area of the TTnitcd 
States west of the ono-hnndredth meridian, and the cost 
of all this work was approximately two million dolhirs, 
which was a small fraction of its value to the nation 
counting only the impetus given to sottlemont and utili- 
zation. 


As viewed from a distance of nearly half a century, 
these four surveys differed much in plan of organisation, 
scope of purpose, and success of execution, so that com- 
parison would have little value except as possibly bear- 
ing upon the work of the larger organization wliicli 
followed them and became the heir not only to nmeh that 
had been attained by these pioneer surveys but also to 
the great task uncompleted by them. So, if in tho 
earliest days of the present Ifnitcd States Geological 
Survey there may have been a certain partisanship in 
tracing derived characters in the new organization,^ it ia 
even now worth while to recognize tho real oidgin of 
is credited to present-day dovolopmont. 

Dr. F. V. Hayden was tho first of these Survey loaders 
to engage iu geological exploration. Ho visited tho Bad- 
lands as early as 1853, and his connection with subse- 
quent expeditions was interrupted only by his sorvico as 
a surgeon in the Federal Army during the war. In 1867, 
nowever, Hayden resumed his geologic worlc as United 
in Nebraska, operating under direction 
ot the Commissioner of the General Land Office. In tho 
touovnng eleven years the activities of the Hayden Sur- 
ey the Geological and Geographical Survey of tho 
emtories -—extended into Wyoming, Colorado, New 

vaTTa^*iA' 7 Idaho, covering with areal sur- 
square miles. This Survey, as might bo 
1 ^ 0-0 « experience of its leader, made 

° 1 to stratigraphy, which involved 
Quprtw ^ I^eek, and Les- 

A C Pool ^ in importance was the structural work of 
A. C. Peale, W. H. Holmes, Capt. C. E. Dutton, and Ur. 



jluyurii liiiust‘ 11 , iiiui iiu‘ iullu(*u(*(^ (m (Ut'so oxpoditioris in 
!Vcnlii:;y sliniild iu)|, ])(> ovc'.rloukod. Tlio 
(>x|n‘dilinn ttl’ |S|| iiiln llu' i'('iu:i()n dii tlu« uppor 

Vflluwsliiiic n-sidfi'd ill I hi' (‘I'l'idiim of Iho (irst of tho 
ii;dioii;d parks. W. 1!. I lolmo.s lioipiii his iirliHiu', contri- 
Imlions 111 ya'oloi'y in ISflJ wilh Ihis tSurvoy. Topo- 
•.vrnphic mapping: was addod lo Jhi' iLCooloffic. I'xplovatioa, 
.laiiu'S 'r, (lardnor and .\. 1). Wilson joiniiif^ Iho lliiydon 
Sm-voy aflor oarlior sorvioo on (lio |\iu/j; Suvvoy’ mui 
llctiry (I'annrll hi'iuK a inoiulior of parlies, first as astron- 
onior and lalor as lopou-raphor in cliariLfi'. 'riio aocoiu- 
plislmiont of Iho llaydon Stirvoy ilsolf and iho laior work 
of tnaiiy of ils inoinhors show (hat this orjipuii'/at'ion pos- 
sossod a oorps of idroin,; mon. 

'I’ho Kiny Survey was a smaller orfj;ani/,aluni, with 
( 'ottirres.sional anihorizaiion of dednlte seope and a ays- 
tenialie plan of operation. 'The he^duinin^'' of oonsLrnC' 
(ion of the rnion I’aeilte terininaled the iieriod of tho 
railroad surveys ^ under Ihi' War Doparimout and 
alTorded opporluiuly for K‘‘olo)^ie. work that would bo 
more limn exploratory: (he openiuK ap of tho now 
counlry made inve.slirpdion of ils resourcoH lof!;ical. 
'I’his fuel WH.H reeo|ini-/ed hy ('lareneo Kinjif, who had 
Iraver.sed the saint' route as a memher of an omigrant 
train wilh his friend .lameH '1'. (lartlner. Ills plan to 
mala* a geoloKteal eross seetion of (he (iordiUe.raH, with a 
sludy of (In* ri'HoureeH ahm).j (he route of the ihicitic ruil- 
rofnl.s, won the siipjiort of Coim'resH, and the “(loologioal 
Mxjiloratlon of tin' Kortieth Parallel” was authorizod in 
lK(i7, with ( 'lareneo Kin}.? as p;<'<'loKiHt in ohai'fj;*') under 
(In* Chief of KuKineer.H of (he Army. Field work was 
hcKun in the sninnier of that year, aiul it is intoroslinj? to 
tiiite (hat Mr, Kiip? and his small foreo of geological 
as.Hi.stanf.s tin* two llagne.s and S. F, I‘hmMonH-“-l)ogan 
at the western end of (his eross si'etion, and in this 
and Kuliseipieiil years extended the survey fvoiu tho cast 
rront of the Sii'i-ra Xevrula to Chevt'imo, ciovoring a holt 
of territory nhont |nti miles in wiiith. This cnmprqhon- 
sive plan wa.s carried out in the field operations, and (ho 
seii'iilith' anil eeonoiiiie results were systemaiy.ally 
workeii up in the reporls, wliieh appeared in 'IH70-K0. 
'riie only departure from this jdau was a study of iho 



occasioned by an unexpected and iniHohcitod appniP!^^^;* 
tion for field work, and that sntmnor’H work rcHuUnn 
the discovery of active gineiors, the iirat Icnowu wiunn 
the United States. . . 

The Fortieth Parallel Survey is to he cia'dited 
contributions to the knowledge of the stratigraphy oi tno 
West, the region traversed being remarkably renn’osmua- 
tive of the stratigraphic column, to which was 
paleontologic work of Marsh, Meek, Hall, and Nyhittveia, 
while the attempt was made to interpret the aedimcnuu'y 
record in terms of Paleozoic, Mesozoic, and J orUary 
geography. King’s plan of survey included largo use ot 
topographic mapping with astronomic base and triangn- 
lation control and contours based upon barometric olovtV' 
tions. The results were pronounced by an nnfnondiy 
critic’' as “very valuable, especially from a geological 
point of view,” but unfortunate in being the fororniinor 
of work in which Government geologists “have yn’esunuHl 
to arrogate the control of the fundamental operations of 
a topographic survey.” To the King Survey inust^lia 
credited the introduction of systematic contour inapping 
and the use of contour maps for purposes of geology. 
In two other respects the King Survey pontribntiHl 
largely to future Government work: mieroscopiciu 
petrography in the United States may bo said to havo 
begun with the visit of Professor Zirkel to this country aa 
a member of this Survey in 1875, and the report of J.^D. 
Hague on “Mining Industry” was the fitting exprossion 
of the emphasis then put on the study of the minor til 
resources of this nervly opened territory, a subject of 
investigation that was in large part the true basis of 
King’s project rather than simply “the immodlatp 
excuse for the Survey.” An earlier influenco in the Rol~ 
entific study of ore deposits had come from Von IMclil:- 
hofen’s investigation of the Comstock Lode in 18G5 and 
his_ subsequeiit work with Wlritney in California. Tho 
incident of King’s relation to the diamond fraud in 
zona m 1872 furnished a precedent for public servants of 
a later day ; he investigated the reported find from scion- 
tinc mterest but exposed it with all the zeal of a publiciB t 
and truth lover. In a word, the Fortieth Parallol Sur- 





xvy coiimmiuis mir [uinuriUHiu lor us brilliant plan, 
ihui'<uii,*;h,a-(iin,n- wiirlc in Held atul (inici', and ]iif>'li (pialiiy 
(il‘ |M*rs()nni'l. 

Majiir .1. \V. I’liwi'll hc.uan liis lar^jja cinif.rihuiion to 
(lovcriuncid snnrys wiih !iis <'\'[il(ira( ion of Uui (Jraiid 
Canyon in IHii'.), Ilio ( ‘nn.nri'ssional ri'cojnnilion ol' his 
ox[iotruion lii'in.n limili'd In an aalhnri/.idion Tor tlin issno 
vL' ralioiis liy llio War I )o[iur!ini'Ul. (Small a[ii)ro[ii’ia- 
llons wiM’o nmdo in llm rnlhnviiif;’ years, and in l.S7‘l- Cull 
aulhori'/alinn was f^ivcn I'nr tin* I'.ontinuaiua^ nl‘ his snrvi^y 
in IMali under lla* Secrelary oT Ihe Inl.crior and was 
I’ollnwetl liy (lie adoption of (lii\ nanu'. “Unll.i'd Stales 
(leoj’Taphieal and ( ieolo.uieal Survey of Ihe. Itoe.ky J\louu- 
lain lleydoii.” 'Phis orKani/alion was the least pretmi- 
tious ol' Ihe rour operaliii'.!; dnriiiK this period it covered 
less nr<‘a, expmuled less pulilie. money, and pnlilished much 
less lad its coal rihn I ion to American ^’■colo/'y is not to lie 
measured hy miles or paK>’H hnl. by ideas. Its pliysie.al 
environment favored I his survey, and in the work of 
Powell, Did Ion, and (lilhertean lu' seen the he/.'-innin/i''H of 
jihysioj-'raiiliy on (he heroic scale cx'einplilied in the 
(Irand Canyon and (he lliyli I’lateans. d''lu' (irst nse of 
IcrniH like “hase hn'cl id’ erosion,” “consequent and 
nnlecedent drainaj^e,” and “laccoliili” marked the intro- 
duc.lion (d’ ni'W ideas in (he inieriu’elaliou (d* land scnlp- 
luro and ^colo;„ric Hirneinn'. h'he darin^^ boat trif) of 
i’owell was no less hriHiant (linn his simple exiilanalion 
of llu^ (Irand Canyon itself, 

“The Ibiilcd Slales (Ico/iratiliical Surveys "Wt's! of the 
lOOlh Mcritlian” was (he tide f^iveu to the I'Xploratiomi 
imuln under liieiit. (1. M. Whetdio', of (he_ l']n}>;incer 
Corps, whicli he/.puj wilh iopof'raphie rccniiimissaneeH in 
Nevada, IMah, and Ari/ona, specilically anlhorizi'd liy 
(hiiu^rcKH in lH7t!. Crom Ihe standpoint (d’ American 
^reolo.iry (Ins could he ladler known as Ihe dilhert Survey, 
Mr. (I, iv. (iillicrl serving for llu' (liree years IH71 7.‘{,Hm 
la(i*r part id' (lie time wilii the (iile id' idiiid' e'colonical 
as.si.slani, (JilherC.H coni riladions included his descrij)- 
lion <d' Ihisin Kamre Hiruefnre, ills lirst ncc.onrd. id' <dd 
Lake doinieville, and liis discussion of (In' erosion idle- 
nonteiia id' Ihe fhaiert country. .). .1. Stevenson also 
Hcrv'eii later an a KeoloKint id' tills Survey, and A. Ji. Mar- 
U! 


vvueeier s own ciaim lor tne worn oi nis ourvey empna.- 
sized its geographic side, for he regarded the results as 
tho partial completion of a systematic topographic sur- 
vey of the country. 

By 1878, when the Fortieth Parallel Survey had com- 
pleted the work planned by its chief, three of these inde- 
pendent surveys still contended for Federal support and 
for scientific occupation of the most attractive portions 
of the Western country. Unrestrained competition of 
this kind, even in the public service, proves as wasteful as 
unregulated competition in private business,® and Con- 
gress appealed to the National Academy of Sciences for a 
plan for Government surveys to “secure the best results 
at the least possible cost.” Under instructions by Con- 
gress the National Academy considered all the work 
relating to scientific surveys and reported to Congress 
a plan prepared by a special committee, whose member- 
ship included the illustrious names of Marsh, Dana, 
Eogers, Newberry, Trowbridge, Newcomb, and Agassiz. 
This report, which was adopted by the Academy Avith 
only one dissenting vote, grouped all surveys — geodetic, 
topographic, land parceling, and economic — under Uvo 
distinct heads, surveys of mensuration and surveys of 
geology. At that time five independent organizations in 
three different departments were carrying on surveys of 
mensuration, and the Academy recommended that all 
such work be combined under the Coast and Geodetic 
Survey with the new name Coast and Interior Survey. 
For the investigation of the natural resources of the pub- 
lic domain and the classification of the public lands a 
new organization was proposed, the United States Geo- 
logical Survey. The functions of these tAVO surveys and 
of a third coordinate bureau in the Interior Department, 
the Land Office, Avere carefully defined and their inter- 
relations fully recognized and provided for in the plan 
presented to Congress. VieAved in the light of 39 years 
of experience the National Academy plan Avonld be 
indorsed by most of ns as eminently practical, and the 
report stands as a splendid example of public service ren- 
dered by America’s leading scientists. The legislation 



ducli ('lubtutuMl tlio. ('.iilm', pliui, lunvovor, failed of: pas- 
a.u'e ill ( 'nii.aTt'.ss. 

'I'lie uutui'al a('ti\'i(y lii'liiiid the Kc.eimH of f.lie <!oi\(licthig 
iifiM'csfs reprcstMifcd by l.hoHo ('.onneefiul with the sov- 
ral siirvoyK may he seen iii (lie Icf^'islutive liial.ory of the 
nuves jeadii)^^^ up lo (he eri'nlioa of (.ho Uniiod Sl.atea 
!eoloii;ieal Survey. In (he. last si'ssion of the 4r)th Oon- 
P'fss (he s]ieeial les^islid ion emhodyiuj;; tlie reconmunida- 
ioiiH of (lie Nhdioiuil Aeadeniy was ine.luded in the 
ifivislalive, I'lxei'idive, and .ludieial Appropriation hill 
is il iia.ssed (he House of !tepreseuta( ives, while, the Sun- 
Iry <'ivil Appropriai ion liill carried an item simply inak- 
nti: elTeelive (In' hnpp'r see.iion in (he olher appropriation 
lill. 'I'he ilein in (he. I jcf^islative appropriation hill 
■realetl (he olliee of (he Diri'c.lor of the (leolop,'ical Sur- 
'ey, provided his salary, and <le(ined his dntii's, as Avell 
ts s|ieei(ieally (erniinal iii/i: (he operations of the throo 
ilder orirntii/alions, 'I'he ileni in Ihe Sundry Civil hill as 
( passed (he House approprialed $100, ()()() for ihe. new 
leohadeal Survey, hu(. when (his approiirial.ifni hill was 
•eporled (o dll' Seiude a commit(.ee amendment added 
he Words "of (he 'ri'rriforles," and furl.her umendnientH 
ilTered on (he door eliaiiiin'd Ihe itein so as to yirovido 
tpecilieally and ('xchisividy for (he eontiinudion of the 
Hayden Survey. Oilier lUiH'ndnienls iirovideil small 
ippnnirial ions for (he coniplelion of (ho reporls of (ho 
I’owell and Wheeler surveys, and (he hill piissml (he Sen- 
di' ill (his fortii. 'I'he I iCjU'islidiv'e Apjn’oiiriation liillwas 
ninilarly primed, Avhile in the Senate, of all referemie^ to 
lie proposed new orwani/.al ion. 'I'his hill, however, died 
ill conference, hut in (he last hours of (.he session the 
■oiil’erees ou (he Sundry (!ivll liiU took unto theinselves 
eipsitdive powers and (rausferred from (he dead hill to 
ihe pending ineasuro all (he huia:ua/<e which (Knistitutes 
!he "orjrnnic. act" of (he United States (leoloH'ienl Snr- 
V(-y. 'I'liis nclion was deiiounc.isl in tlu'. Se.uai.o as "a 
ivide de|iar(ure from (he authority (hai. is ]ioHsessed hy 
!i conference committee, " and it was further stated in 
ilehaie (hat (he iiiserteil iirovlsion which created a new 
enice and diseont iinieil (he exdstin^^ surveys was one 
"whicli neilher (he (hiiiimit.lee of (he Senate, nor (he Sen- 
ide itself ever saw." 'I'liis assertion was perhaps par- 


ounary vjivu dui, yet aciuaiiy tne isenaie xiau uiu;y iwu 
days before stricken the same proposed legislation from 
the pending Legislative Appropriation bill. However, 
the House conferees — Representatives Atkins of Tennes- 
see, Hewott of New York, and Hale of Maine — had real- 
ized their tactical advantage, and the Senate, after a 
brief debate, voted on March 3 to concur in the report of 
the committee of conference, thus reversing all their 
earlier action, in which the friends of the Hayden and 
Wheeler organizations apparently had commanded more 
votes than the advocates of the National Academy plan. 

Clarence King was appointed first Director of the 
United States Geological Survey on April 3, 1879, and 
began the work of organization. "With his proven genius 
for administration. King promptly resolved the doubt as 
to the meaning of the term “national domain” in the 
language defining the duties of the Director by taking the 
conservative side and limiting the work of the new organ- 
ization to the region west of the 102d meridian. This 
region was divided into four geological divisions, and for 
economy of time and money field headquarters were 
established for these divisions. The Division of the 
Rocky Mountains was placed under Mr. Emmons as 
geologist in charge, the Division of the Colorado under 
Captain Dutton, the Division of the Great Basin under 
Mr. Gilbert, and. the Division of the Pacific under Arnold 
Hague. The Division of the Colorado was intended as 
merely teniporary for the purpose of bringing to comple- 
tion the scientific work of the Powell Survey. Similarly 
Dr. Hayden was given the opportunity to prepare a sys- 
tematic digest of his scientific results. This organ- 
ization of the work and the selection of geolo- 
gists in charge showed the relation of the new and the 
old, and a glance at the personnel of the new Survey 
the extent to which the geologic investigation 
of the Western country was to continue without interrup- 
V ^ twenty-four geologists and topographers 
hsted in the first administrative report, four had been 
connected with the Powell Survey, two with the Hayden, 
three with the Wheeler, and five with the King Survey. 

In planning the initial work of the United States 






important geological subjects” and “mining industries,” 
of “instructive geological structure” and “great bullion 
yield” in the same sentences, so that the intent was plain 
to make the geologic investigations both theoretical and 
practical. 

It was expected that the field of operations of this 
Federal Survey would be at once extended by Congress 
over the whole United States, but the measure making 
thi.s extension, which would simply carry out the intent 
of the framers of the legislation creating the new bureau, 
passed the House alone, and it was only by subsequent 
modification of the wording of appropriation items that 
the United States^ Geological Survey became national in 
scope as well as in name. The critical question of the 
effective coordination of State and Federal geologic sur- 
veys was met by Director King, who corrected an errone- 
ous impression “industriously circulated” by stating 
his policy to be to urge the inauguration and continuance 
of State surveys.® This was the initial step in the 
cooperation between State and Federal surveys which 
became effective on a large scale in subsequent years. 

Though the Geological Survey has extended its opera- 
tions over the whole United States, its largest activities 
have always been directed toward the exploration and 
development of the newer territory in the public-land 
States. All four of its directors had their field training 
in the West: the name of Major Powell, who succeeded 
King in 1880, is inseparably connected with scientific 
exploration ; Charles I). Walcott, who was Director from 
1894 to 1907, the period of the Survey’s greatest expan- 
sion, made the largest contribution to the Paleozoic stra- 
tigraphy and paleontology of the West; and the present 
Director spent seven field seasons in the Northern Cas- 
cades and one in a mining district in Utah. The scope of 
the activities both East and West as developed during 
the 89 years since the cstablishrnent of the new bureau 
can be l) 0 st described, perhaps, in terms of its present 
functions as expressed in the organization^ of to-day. 

The growth of tlie Survey is measured in the increase 
of annual appropriation from $106,000 in 1879-80 to the 
amount available for the current year — $1,925,520, not 



approiiruitums lu'uik' Hpeul m tiu*_ loi'i'in'iipmc won; o) 
tho Survey. 'I'ln' ('nn'rspnmliut? iticrcuMi' in ju’r.sniuu'l 
hns Ix'on ri'inu !!'•>, lintfil in tln' Itrs-it n-iiurt, to lUl huliliu}? 
im'KViIhv uiiiHHulmi'ntrt at llu' piv.sfiil tiuif, iliv_iiliMl uiuonM: 
tho. (liffc'i’cui hrmu'hc.s an ftillnw.s : A si’ii'iifilh’ lurci' of 
173 in Uio ({c'ohti^ic Hrnm’h, If'i) in tin' Wnfi’i* h’f.snttn’t'H 
Bvaiu'li, 71 in Ihc Toiuigrajihic* Hrnnt’li, anil 13 in (ha 
Land OlaHHilicalitin Bnurd. with n cliTirnl Lm-f uf KiS 
divided ainnn^ llio Kmne lirniicha.-s, and lla* ri-inaindi'r 
tho tochnicai and ch'rical t'niplcyi’fM nl' Utf pnlilii’alinn 
and adniiniatralivo Itranchi'H. 'I'Iii'Hi' prr.niimi'l Htaliatica 
aro not; exprcsHivt' of nnnnal I’unditinna, .‘iiiu’c a huxi* 
iinnihor t)f llu' lupottrapltii’ i‘n>.;int‘i'rs avi* eunimissiunad 
offic.ovH and (hua am nul iiu'Uulfd^ mi tho civilian roll, 
while, on the other hand, the claaaidcafimi id’ the stuck- 
raiainp; homeatead landH makes the technical furcc id* llie 
Water ReHourecH Branch nmisually hiri.'i’ this yciir, 

Tho iiriinary aim of the (Icuhi^ical Survey is kck- 
lofi'ic, whether directed hy aufhurity nf law Inward 
tlie “exaniinalion of the f'inthmieal sirucinre. mineral 
roaourecH, and prodiiciH of the naiimml dmmiin," Inward 
the preparation of the aniliorl'/cd “repmis upnn nen- 
oral and economic, j^eolof^y and palconlnhuyv,*’ uf the 
'‘jj:oolo^!;io nia]> of the United Stales," ur id’ the "report 
on tho mineral rcHourcea of the United Slale.'i.’* or 
toward tho “conlimiation of the inveslinatinn ni’ the 
mineral roaouroea of Alaska " or "chemical and physi- 
cal roHoarolioa relafln^r In (lie iccolony of the Uuilctl 
StatoR.” Tim apirit and the ptirpnse of the Sur- 
voy’a work in all these tiehls are md helieved (n have 
materially e.lum^md from Ihnse id’ the rnunder.i id' the 
scionco in America. From lime to time too mneli empha- 
sis may have appimved to he laitl upon applied neohmy as 
contrusted with pure Heieiice, yet the report of the 
National Academy to ( Jonp:reH.H in' iertus plneed tlie stresa 
upon oeonornio ri'amireea and referred to paleontoloify as 
"rioeoasarily comiee.fed" with general and eeoniuula 
gGol()p;y. 1 he practical purpose of geolntdc re.snareh 
under Qovertmumt aiiapieea musl he reeognt/eil tiy the 
administrator, wholhor ho be the paleontologist like Wal- 


iiiK. 't’luil I hi' task a I' HUiarin/^’ ilui true courHC is 
ju'tilili'in I'iiu lit* si'i'u froiu llu> al.iiioinont of Owo.ii*" 

II 7 U years u.a'n, and thasa words dosarilio conditions 
•arniui'iil. Koolo,a'U'ul work even to-day: 

i(i(i«‘ I’l'sruri'lifs, wliii’ii (o Homii may hihmu purely apo.eu- 
aiid iMU'iouH, are cMHciilial as prclimiiuiries io IlicHO 

III ri'sahs. I''iir(lu'r (liaii aueli necessily (lielatos, tiiey 
(i(. lircu tiuslifil. cxt'i'pl. itH Hulionhnale and ineideutal, 
icily jd Kiich [icridils ns, under |lie. ordinary reiiidrc.meids 
ic service, iitiKid he rcj'iirdcd us leiHuro inomeuls ; so Unit 
triliiil inns In science Hins ineidculally an'orded, and wliiek 
al policy rurliatlc lo ncjflccl:, may ho eonsidei'eil, in a 
c, a volnnlary oH'in'inn:, Icndcrod al; lilillo or no additional 
1* III the dcpnrlniciit, 

hicroascd nlloutiou p'ivon to mineral roHovircoH 1ms 
n maltcr of ^'radual growth. Mr. Kinp; oarly 
iy.cd a Division of Miniiip; (lt'.olop;y wUli Mdssrs. 
clly. Mnimons, ami Docker as ;:?ooloa;iHtH in (‘.liiuxo, 
out Were ussiyned (lie e.ollec.tion of mineral statis- 
ir (lie 'I'eidli (leiisus. ''I'heHe. iSnrvey p:eolo^?iHtH and 
or Kiiti*: liiniHell' held fippointmenlH as site.cial 
i of Ihe CeiiNii.s Dnrean, ami on tlie sttifl; Holecldd for 
•nrk appenr lln‘ names of 'il'. D. Dronks, lOdward 
, 'I'. ( ( 'iiaiiilierlin, I'liif^ene A. Hmitli, (loor/^o 
, .1. H. ri’iiidor, It. I). Irving', N. vS. Nlmler, 
tlays llatiimomi, Dailey Willis, and (1. II. I'lldridgo, 
ling Ihe esfeid fo wliieh (he Hupervi.sioii of tliese 
'ie.H wim piiieed ill (lie luuids of ec.oiiomie, geologists, 
iroeednre was reveried (o iiy Director Waleoit and 
la.sl (ea ye.nr.s has heeomi' a. well eslahlishe.d iiolicy, 
idislies of nmiiml proihielion of all (he imymrtaut 
111 produets lieitig under Ihe eliargii of geologists, as 
lualilied In eomprelieml the vesoureeH of tho cimu- 
Amtdier of (lie.se speeial nsHistaiits in ISKO was 
I Willianm, dr., wlio lieoamn (lie. first eliief of Ihe 
inii «d’ .Mineral Hesmirees, in IHH'J. ’^I’he study ut 
epimil.s, wliieh may lie said to Imvo heguii with llm 
Survey, was inspired hy King’s owit ajipreeialiou 
e hnnnl geiilmrio relalioiis of Iho disl.ribidion of 
■al weaUh and liy Dm deiniled studios of indivuhml 


Geological surveys have been prosecuted in Alaska 
since 1895, and in the last few years the annual appro- 
priation for the work has been the same as that made for 
the expenses of the whole Survey in the first year of its 
history. The Division of Alaskan Mineral Resources is in 
fact a geological survey in itself, except that it shares in 
the administrative machineiy of the larger organization 
and has the advantage of the cooperation of the scientific 
specialists of the Survey as they may be needed to sup- 
plement its own force. All the investigations in this dis- 
tant part of the country represent the Geological Survey 
at its best, for here the organization’s long experience in 
the Western States can be applied to most effective and 
helpful work on the frontier, where the geologist and 
topographer in their exploration do not always follow 
the prospector but often precede him. Undoubtedly no 
greater factor has contributed to the development of 
Alaskan resources than this pioneer work of the Federal 
Survey, yet the work has also contributed notable addi- 
tions to the sciences of geology and geography. 

The first duty laid upon the Director of the Geological 
Survey in the law of 1879 was “the classification of the 
public lands, ” and this phrase undoubtedly expressed the 
idea of the committee of the National Academy. The 
same legislation, however, contained provision for the 
further consideration by a commission of the classifica- 
tion and valuation of the public lands, as also recom- 
mended by the National Academy. Thus the decision of 
Director King that the classification intended by Con- 
gress was scientific and was intended for general informa- 
tion and not to aid the Land Office in the disposition of 
land by sale or otherwise was really based upon tho 
deliberate opinion of the Public Lands Commission, of 
which he was a member, that classification would seri- 
ously impede rapid settlement of the unoccupied lands. 
Nearly forty years later those who are intrusted with the 
land-classification work of the Geological Survey recog- 
nize this familiar argument, which undoubtedly had much 
more force in that earlier stage of the utilization of the 


i<Hi as a luisiiu’ss policy ou (|h'. pari ol* tlu^ Gov- 
;‘runn‘ni as a laiulyd propritdor l)clon.t;‘s ru(h(‘r io iliis 
lay <»l iiuua' iiiiciish’c (l(‘\*clopiiuMil, Ai pr('S(aii current 
[uil>li(’ laiul licpslalinn calls for ]iii»h(‘sl. ns(>, and luuioo 
nKicial itivcsl i’va ( ion ol iialural \'alii(‘s and possibiUtios 
iniisl prcccdt‘ disijosiliiun M’bis (ypo (d* iniiuu’al and 
liydroa:rapliu‘ (‘lassilu^alioii of ])ul)lic, lands has been in 
prt>y:rcss in iucrcasini^ amoiini since so iliai now 

ibc (Jcoloifical Surv ey is I la* kind of scieal ilic. adviser io 
the Sotu’elary tif (be Interior and ( tonnnissionivr oT ilio 
General laind (lud inay hav(‘ been c.oni(MnpIai(Ml l)y 

(lie Xarnnial Aiauleniy of Scienct's in 1S7S. li is plain, 
however, to ev'eryone at all convtM‘sani willi Weshuai con- 
dilioiis llial Ibi' recent lajul classilicalion surveys in 
Wyoinine;, for instance (hdailed ^’(‘olo^’ic survt^ys wliieli 
fonn (In* luisis fttr (he valualion of ])nblic. (‘oal lands in 
‘1(1 aere nnils wonld hav(‘ pcjssi'ssed no utility in !1H71, 
when till* (‘oal land law was jiassed luii wliea llu* diunand 
for railroad rnel hail Just Ijetpin. 

Mdn* laiul elassiru’alion itlea is of c.ourst^ ilu' basis ol: 
lh(* Nbilional ftirtssl and IrriirnliiHi nn)V(»nnni(s. laws 

(»r IHHS and ispd, whieh mark tin* l)e‘dnnin^j: of n(dlvo 
mnlorsejuenl by ( ‘ojun’ess (d’ lbi*si‘ eoasm’vaiioa niovo- 
nienls, plaeed ujHin Itn* Sn)'V(*y tin* duties of (^xnniini]i^ 
reservoir ^dll*H and tkiresl rt‘serves res])(‘(*|.iv(‘ly. ddie 
earlier <d' Ihest’ laws bi‘‘aia (he iaves(i‘!:aiion (d* (In* wa.ier 
restinrc»\s rd’ the count r\\ wbieb is still an iinpoidntd. ])baso 
cd' Ibc Survey *s act ivil y, and led I o the cia*al ion of an iiule.- 
pcndenl. tuapinixalion llie l{(*cbinudion Servic.i*. It is 
cjisy It) lract» I In* biadmninv's t)!’ l‘k'dei'al rtsdaniaiion of 
arid latnis in (ht* (lioinsn* work of Powell, wliost^ rf*porl; 
in 1 h7h on (In* aritl rerrion of (be. Pidii'tl Slait^s was tlio 
(irs( adequale ^dalemeId t)!' (be probb*!)! of laruct^si use of 
lliesc* lainls in lerms brojubo* (ban (hose of individual- 
Islie tnnleavor. h'ttr ytmrs, hoW{‘vt*r, P(iW(*lPs apptad for 
( ‘t)nvres,''dt)nal considm’alitJti t)!' (his National task was 
like (In* “voiet* td' oin* eryiui^: in (In* wiltleriU'SsP^ 

In a Hoinewba( similar way (lie I'oreslry Hurv(*ys niuler 
Ihe Getdoirieal Survey helpetl ill lln* or^qini/alion ol' a 
H(‘parale bureau m»w lln* !*k)r(*si St*rvie.t^ dMiti oiluu* 


■wliich continued tb.e investigations in mining technology 
specifically provided for by Congress for six years under 
the Geological Survey but in some degree begun in tho 
early days of the Survey under Directors King and 
Powell. 

Another equally important organization of a public 
nature, though not a Federal bureau, traces its begin- 
nings to the Geological Survey : the Geophysical Labora- 
tory of the Carnegie Institution, which now exercises so 
potent an influence over geologic investigation, had its 
origin in the official work of the Geological Survey’s 
Division of Chemical and Physical Eesearch, and its per- 
sonnel Avas at first largely recruited from the Survey. 
The highly original experimental work of this laboratory 
has extencled far beyond the scope of the Survey’s work — 
at least far beyond the scope possible with the Federal 
funds available — yet most of the results of these inves- 
tigations may eventually come under even a strict 
construction of the language used in the Survey’s appro- 
priation “for chemical and physical researches relating 
to the geology of the United States.” 

The topographic work of the present Survey continues 
with constant refinement of standards and economy of 
methods the Avork of the earlier organizations. Tho 
primary purpose of those topographic survej^s is to pro- 
Aude the bases for geologic maps, yet these topographic 
maps, which coAmr 40 per cent of the area of the United 
States, are used in every type of civil engineering as avcH 
as by the public generally. The annual distribution by 
sale of half a million of these maps is an index of their 
value to the people. 

The hot discussion that was waged for years on tho 
question of military versus scientific administration of 
topographic surveys is in striking contrast Avith the 
present concentration of all the topographic mapping 
imder the Geological Survey in those areas Avherc it may 
hest seiwe the needs of the Army. In 1916 Congress 
specifically recognized the possibility of greater coop- 
eration of this kind, both in the appropriation made to 
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made to the War Department. For a number of years 
indeed special military information had been contributed 
to the Army by the Survey topographers, but since 
March 26, 1917, every Geological Survey topographer 
has worked exclusively on the program of military sur- 
veys laid down by the General Stall of the Army, and the 
places of some of the 44 Survey topographers now in 
France as engineer officers are filled by 34 other reserve 
engineer officers detailed by order of the Secretary of 
War to the Director of the Geological Survey to assist 
in this military mapping and to receive instruction fitting 
them in turn for topographic service in France. 

The contribution of this civilian service to the military 
operations in the present emergency forms a fitting con- 
clusion to this review of a century of Government sur- 
veys. At present 215 members of the Geological Survey 
are in uniform, 107 as engineer officers, two of whom are 
on the staff of the American Commanding General in 
France. In the war work carried on in the United 
States the Survey’s contribution is by no means limited 
to military mapping : the geologists are also mobilized for 
meeting war needs, assisting in developing new sources 
of the essential war minerals, in speeding up production 
of mineral products, in collecting information for the 
purchasing officers both of our own and of the Allied gov- 
ernments, in cooperating with the constructing quarter- 
masters in the location of gravel and sand for structural 
use and in both general and special examinations of 
underground water supply and of drainage possibilities 
at cantonment sites, and in supplying the Navy Depart- 
ment with similar technical data. A special contribution 
has been the application to aerial surveys of photogram- 
metric methods developed in the Alaskan topographic 
work and the perfection of a camera specially adapted to 
airplane use. The utilization of the Survey’s map 
engraving and printing plant for confidential and urgent 
work for both the Army and Navy has necessitated post- 
ponement of current work for the Geological Survey 
itself. Throughout the organization the records, the 
methods, and the personnel which represent the product 


thus as the experience of the past translated into special 
service in the present crisis. 
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VI 

ON DIOVKLOPMICNT OF VERTEBllATE 

FAivIOO,NTOLO<;Y 


By KICHAHI) SWANN LUBIi 
Introduction* 

I NTLIKIO ils slsl(‘r sciiMic.o of Tm^ori:('l)vato Paloon- 
OjIiuvVt which 1ms hccui iipproac'lK^d so lur^^nhy from 
/ I ho vio\v]»oint oT stroli^'raphio. lliiit ol* tlio 

Vorirhralos is (‘ssiMilinlly ji hiolo^'io, h(*/huuh‘, luiviiiju;’ its 
iiioopruju in llio umstiM’ly woi’k of (!uvii‘r, who is also to 
lio rop;fir(hMl ns thi‘ Toiimhir of (U)in])iivn(.iv(^ uiuitoiny, 
Knr luny; dooados, vorlohriilo ])uhn)ul.olo<;y was simply a 
hraiioli ol' o<iuipa!’allv(^ analomy or morpliolo^^y in that it 
(limK alnitisf (‘xohisiv(»ly with (iu^ fonn and othov pocul- 
iarifii‘s of i‘t)ssil homn aiut t(‘thh, ol'l.cm in a. moro ov loSvS 
rrao;mrn(ary (’oadiliou, N'ory lidh^ i)V no nlitmtion l)oia^ 
pfiiil (o afiy oilier syslom. of (lu‘. oroaiiii'o’s anatomy. 
I>islriliu(i(»n holh la spncu- and in linn* was r(HU)rd(»d, hut 
lh(’ wiluo of \'orlolH‘aios in si ralii^'rapliy was still to l)o 
approoialod and has hardly yih. (a)ino into its own. It is 
rtaulily sotm, Ihororoi’i*, that l!n^ two di‘i)a)‘tmonts ol: 
palotin I ol(»n;y did uol oidisi, Iho sann* woi’kors or oven tho 
Maine i ypt* ol’ invi'sliicaloi's, Tor whilt^ th(‘ two sonmrns have 
nmoli ill ('oninaui and should have mores tin' ven’tediratist 
lined, nhov(‘ all olsis hc' a nior|)holo/.*‘isl., willi a. keum. 
nppreeialion of roriii, and a mind o.apahh^ ol‘ rehainin^ij 
omlless slimoinral ilihails and ol* vlsuali/lii^* as a whole 
wlinl tiiay ho known only in i>arl. initial work of th(^ 

Indlliaid (hivic‘r sih. so lil^h a standard of pr(s)ar(aliu^ss 
nutl uitMilal (‘([uipimml (liat as a oons(!(imvnc(s tlu^ numhm* 
<d* (hose' i‘n.a:ai*’(‘<l in vort(‘hrah^ ri'smu'e'Ji iias ne^vor lioou 
lame* as (‘oni|iai'o<l willi tin*. worlcm'S in some? otlan,' 
hi’aiudios of sonnu^es )mt iho. rosults aciliiovod by tlio low 
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brates has been in the main of a high order. 

At first, as has been emphasized, this work was largely 
morphological, dealing both with the individual skeletal 
elements and later with the bony framework as a whole. 
Then came the endeavor to clothe the bones with sinews 
and with flesh — to imagine, in other words, the life- 
appearance of the ages-departed form — ^with such of its 
habits as could be deduced from structure of body, tooth, 
and limb. Next came the working out of systematic 
series of vertebrates and their marshalling into species, 
genera, and larger groups, and much time was thus spent, 
especially when rapid discovery brought a continual 
stream of new forms before the systematist, and hence 
some appreciation of the countless hosts of bygone crea- 
tures which peopled the world in the geologic past. This 
systematic work, however, was based upon the most 
painstaking morphologic comparisons and so the science 
was still within the scope of comparative anatomy. 

In connection with taxonomic research came increas- 
ingly tangible evidence in favor of the law of evolution ; 
investigators turned to the working out of phyletic series 
showing the actual record of the successive evolutionary 
changes that the various races had undergone. Coupled 
with this evolutionary evidence came an increased atten- 
tion to the sequential occurrence in successive geologic 
strata, and the stratigraphic distribution of vertebrates 
became known with greater and greater detail. Then 
followed the assemblage of faunas, which brought the 
study of the fossil forms within the realm of historical 
geology, rather than being the mere phytogeny of a single 
race, and the value of vertebrate fossils as horizon 
markers became more and more appreciated by the stra- 
tigrapher. They serve to supplement the knowledge 
gained from the invertebrates, and in this connection are 
especially valuable in that they often give data concern- 
ing continental formations about which invertebrate 
paleontology is largely silent. 

Rise of Vertebrate Paleontology in Europe. 

^ To those who had been nurtured in the belief in a rela- 
tively recent creation covering in its entirety a period of 


out SIX Clays, and occurring but four millenniums before 
the time of Christ, the appearance of the remains of 
creatures in the rocks, the like of which no man ever saw 
alive, must have given scope to the wildest imaginings 
eoncernins? their origin and significance; for many 
believed that not only had no new forms been added to 
the world’s fauna since the creation, except possibly by 
hybi-idizing-, but that none had become extinct save a very 
few through the agency of human interference. The 
supposition was, therefore, that such creatures as were 
thus discovered were still extant in some more remote 
fastnesses of the world. Thus, our second president, 
Thomas Jefferson, who wrote one of the first papers on 
American fossil vertebrates, published iu 1798, discussed 
therein the remains of a huge ground-sloth which has 
since borne the name Megalonyx jeffersoni. Jefferson, 
however, described the great claws as pertaining to a 
huge leonine animal which he firmly believed was yet 
living among the mountains of Virginia. 

Cuvier (1769-1832) has been spoken of as the founder 
of our science. His opportunity lay in the profusion of 
bones buried in the gypsum deposits of Montmartre 
within the environs of the city of Paris. Cuvier’s 
studies of these remains, done in the light of his very 
broad anatomical knowledge, enabled him to prepare the 
■first reconstructions of fossil vertebrates ever attempted 
and to bring before the eyes of his contemporaries a 
world peopled with forms which were utterly extinct. 
That those creatures were no longer living, none was a 
better judge than Cuvier, for his prominence was such 
that material was sent him from all parts of the world, to 
■which must he added that which he saw in his visits to 
the vario^us museums of Europe. He felt it safe, there- 
fore, to affirm the unlikelihood of any further discovery 
of unknown forms among the great mammals of the pres- 
ent fauna of our globe, and few indeed bave been tbe 
additions since his day. To Cuvier is due not alone tbe 
masterly contribution to the sister sciences of compara- 
tive anatomy and vertebrate paleontology — tbe Osse- 
nients Fossiles (1812)— but lie also announced the 
presence in continental strata of a series of faunas which 
showed a gradual organic improvement from the earliest 


such assemblage to tnc most modern, an idea oi tne most 
fundamental importance and one with which he is rarely 
credited. BLe believed in the sudden and complete 
extinction of faunas, and the facts then known were in 
accord with this idea, as no common genera nor transi- 
tional forms connected the creatures of the Paris gJTJSum 
with the mastodons, elephants, and hippopotami which 
the later strata disclosed. It is not remarkable, there- 
fore, that Cuvier advanced his theory of catastrophism to 
account for these extinctions. He should not, however, 
according to Depcret, be credited with the idea of suc- 
cessive re-creations, such as that held by D’Orbigny and 
others, but of repopulation by immigration from some 
area which the catastrophe, be it flood or other destruc- 
tive agency, failed to reach. 

Cuvier was followed in Europe by a number of illus- 
trious men, none of whom, however, with the exception of 
Sir Eichard Owen, possessed his breadth of knowledge 
of comparative anatomy upon which to base their 
researches among the prehistoric. The more notable of 
them may be enumerated before going on to a discussion 
of the American contributions to the science. 

They were, first, Louis Agassiz, a pupil of Cuvier and 
later a resident of America, whose researches on the fos- 
sil fishes of Europe are a monumental work, the result of 
ten years of investigation in all of the larger museums of 
that continent, and which appeared in 1833-43, while he 
was yet a young man. The fishes were practically the 
only fossil vertebrates to come within the scope of his 
investigations, for his later time was consumed in the 
study of glaciers and of recent marine zoology. Another 
student of these most primitive vertebrates who left 
an enduring monument was Johannes Muller. Huxley, 
Traquair, and Jaekel also did masterly work upon this 
group, while Smith Woodward of the British Museum is 
considered the highest living authority upon fossil fishes. 

Of the Amphibia, the most famous foreign students 
were Brongiiiart, Jaeger, Burmeister, Von Meyer, and 
Owen, although Owen’s claim to eminence lies rather in 
the investigations of fossil reptiles which he began in 
18o9 and continued over a period of fifty years of 
remarkable achievement. Not only did he describe the 



iiitiiiii'vrnphs, Iml, ('xlondod his roscai’clies to the 
riiins n-j>(ili;ui roniis I'roiii the Karroo formation of 
mill Al'rii'a. 1 1. was to lilm, moreover, that the cstab- 
;litiii'ni. of I hr I nie |H)sitiou of the famous Arclucupteryx 
; (lie carliosl known hird and not a reptile is due. Von 
ever also eni’iehed (he lilcrature, of fossil reptiles, 
:;eti:;.'.iii*‘.' e\ haiisl i\ (>ly those oeenrrin<i; in (lurniany, 
idle Huxley’s elassie, work on the eroeodiles as well as 
i dinosaurs, and (he. lahors of Ihieklaud, Fi'aas, Koken, 
oil llueiie, (landry, llnlke, Si'eley, and Ibydekkcr have 
Idl'd iniinensely (o onr kiiowlede'i^ of the e’Vonp. 

Of (he birds, whieli at host are rave as fossils, onr 
[iowled";e, esjieeially of Hie hn.u'o diyhtloss luoas, is duo 
iiau'ly a!';ain lo Owen, and his real i'/atinn of the systc- 
lalie posilion of Arr.hu'oylvvyx has already been men- 
oiled. 

M’lie iiiaiiinials were, perhaps, tlie mo.st prolific soui’co 
f [laleoni oloa.ieal researeh dnrliiij,' tlie luncteoiith cen- 
iry, for, as Zll.lel has said, (hivier’s famous invostiga- 
oa:: oil (he fossil bones, mentioned above, not only 
iiilaiii (he prine.iples of comparative ostooloyy, but also 
liow in a. mamiei' wliieli has never been surpassed how 
.issil ver(ehra(es onyht to lie studied, and what arc tlio 
road iiiituelions wliieb may be drawn fiann a, series of 
lediodieal obser\’a( ions. Hucli was Cuvier’s induonce 
lint uni il Ilarwin be";an l.o inl.erest hiinsolt in nuiunnalian 
.nleoiiloUi,!':y Hie sludy of these forms was conducted 
iilirely nloiie; (he lines indie, ated by the French savant. 
*liis was Seen in a lai’a'c work, ()si.eolof!(y of I.vocent and 
‘'o:;.-.il MammaHa, bv Ue Hlaiuvllle, which, althonyh not 
ip (o (be slandard set by the masi.er, is nevertheless a 
iol;ible eoiif ribnl iou, as was also l.he ()steolop;y propave.il 
IV I’aiiiler and D’All.on. A snmmaryof the knowledge of 
he fossil Mnnnimlia up to the year 1H47 is coutamod in 
Jiebel's [''aniia der Vorwelt, and Tydekker has done for 
lie mammals in llie brilish Museum what braith Wood- 
varil dill for Hie dshes, prodiiciuM- vastly more than the 
Iiere ealalo'cue which Ihc title lm])lieH. 

'I’iic first work wlierciti the fossil mammals wore 
reiifed rn'iicaloydcallv was Caudry’s lOnchamoraents du 
domle Aniniali wriifeu in 1H7H. Oilier work on the 


irom tne xViamz basin ana irom 

whence eaine one of the most famous af prelustono 
horses, the Hipparion; this horse, together with the 
remarkable proboscidean Dinotherki'yii, was described by 
Von Meyer. One of the most remarkable discoverieKS, 
ranking in importance, perhaps, next to Montmartre, was 
that of the Pliocene fauna of Pikermi near Athens, 
Greece, first made knoAvn through the publications pf A. 
Wagner of Munich and later, and much more extensively, 
through that of Gaudry (18G2-1867) . H. von Meyer was 
Germany’s best authority on fossil Mammalia. After 
his death the work was carried on by Quenstedt, Oscar 
Fraas, Schlosser, Koken, and Pohlig, among others. 

In France, rich deposits of fossil mammals were dis- 
covered in the Department of Puy-de-D6mo, the Rhone 
basin, Sansan, Qiiercy, and near Bheims. Those were 
described by a number of writers, notably Croizet and 
Jobert, Pomel, Lartet, Filhol, and Lemoine. 

Eiitimeyer of Bale was one of the most famous Euro- 
pean writers on mammalian paleontology, and his 
researches were both comprehensive and clothed in such 
form as to give them a high place in paleontological lit- 
erature. He studied comparatively the teeth of ungu- 
lates, discussed the genealogy of mammals, and the 
relationships of those of the Old and New Worlds. He 
was an exponent of the law of evolution as set forth by 
Darwin, and his “genealogical trees of the Mammalia 
show a complete knowledge of all the data concerning the 
different members in the succession, and are amongst the 
finest results hitherto obtained by means of strict scicir- 
tific methods of investigation” (Zittel, History of Geol- 
ogy and Palseontology, 1901). The mammals of the 
Swiss Eocene have been studied in mirch detail by 
Stehlin. 

For Grc.at Britain, the most notable contributors wore 
BucMand in. his Reliquite Diluviause; Falconer, co-author 
with Cautley on the Tertiary mammals of India ; Charles 
Murchison, who wrote on rhinoceroses and probosci- 
deans; and more recently Bush, Flower, Lydekker, Boyd 
Dawkins, L. Adams, and C. W. Andrews. But by far the 
most commanding figure of all was Sir Richard Owen, 
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from tlie Mamz basin ana from mppiesncim near vv orms 
whence came one of the most famous of prehistoric 
horses, the Ilipp avion; this horse, together with the 
remarkable proboscidean Dinolherium, was described by 
Von Meyer. One of the most remarkable discoveries, 
ranking in importance, perhaps, next to Montmartre, was 
that of the Pliocene fauna of Pikermi near Athens, 
Greece, first made known through the publications of A. 
Wagner of Munich and later, and much more extensively, 
through that of Gaudry (1862-1867). H. von Meyer was 
Germany’s best authority on fossil Mammalia. After 
his death the work was carried on by Quenstedt, Oscar 
Fraas, Schlosser, Koken, and Pohlig, among others. 

In France, rich deposits of fossil mammals wore dis- 
covered in the Department of Puy-de-D6me, the Rhone 
basin, Sansan, Quercy, and near Rheims. These were 
described by a number of writers, notably Croizet and 
Jobert, Pomel, Lartet, Pilhol, and Lemoine. 

Riitimeyer of Bale was one of the most famous Euro- 
pean writers on mammalian paleontology, and his 
researches were both comprehensive and clothed in such 
form as to give them a high place in paleontological lit- 
erature. He studied comparatively the teeth of ungu- 
lates, discussed the genealogy of mammals, and the 
relationships of those of the Old and New AVorlds. ITe 
was an exponent of the law of evolution as set forth by 
Darwin, and his “genealogical trees of the Mammalia 
show a complete knowledge of all the data concerning the 
different members in the succession, and are amongst the 
finest results hitherto obtained by means of strict scien- 
tific methods of investigation” (Zittel, History of Geol- 
ogy and Palseontology, 1901). The mammals of the 
Swiss Eocene have been studied in much detail by 
Stehlin. 

For Great Britain, the most notable contributors were 
Buckland in his Reliquiae Diluvianaj ; Falconer, co-author 
with Cautley on the Tertiary mammals of India ; Charles 
Murchison, who wrote on rhinoceroses and probosci- 
deans; and more recently Bush, Flower, Lydekker, Boyd 
Dawkins, L. Adams, and C. W. Andrews. But by far the 
most commanding figure of all was Sir Richard Owen, 
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reatest of authorities on fossil mammals. It was the 
latural History of the British Fossil Mammals and 
lirds, published in 184G, that established Sir Richard’s 
oputation. 

Russia has produced much mammalian material, 
specially from the Tertiary of Odessa and Bessarabia, 
nd from the Quaternary of northern Russia and Siberia, 
'hese have been described mainly by J. F. Brandt, A. 
on Nordmann, but especially by Mme. M. Pavlow of 
loscow. 

Forsyth-Major discovered in 1887 a fauna coiitem- 
oraneous with that of Pikermi in the Island of Samos 
1 the Mediterranean. 

One of the most remarkable recent discoveries of fossil 
)calities was that announced in 1901 by Mr. Hugh J. L. 
Seadnell of the Ocological Survey of Kgypt and Doctor 
). W. Andrews of the British Museum of London, of 
umerous land and sea mammals of Upper Eocene and 
;ower Oligoccne age in northern Egypt. The exposures 
ly about 80 miles southwest of Cairo in the Fayum dis- 
fict and are the sediments of an ancient Tertiary lake, a 
elic of which, Birkct-el-Qurun, yet remains. These beds 
ontained ancient Hyracoidea, Sirenia, and Zeuglodontia, 
ut above all, ancestral Proboscidea which, together with 
[lose knoAvn elsewhere, enabled Andrews to demonstrate 
he origin and evolutionary features of this most remark- 
ble group of beasts. This discovery in the Fayum lends 
olor to the belief that Africa may have been the ancestral 
ome of at least five of the mammalian orders, those men- 
ioned above, together with the Embrithopoda, a group 
nknown elsewhere. This theory had been advanced 
adependently by Tullberg, Stehlin, and Osborn, before 
he discovery in Egypt. 

Another European worlrcr of pre-eminence who wrote 
lore broadly than the faunal studies mentioned above 
ms W. Kowalewsky. He discussed especially the evo- 
utionary changes of feet and teeth in ungulates, a line of 
csearch afterward developed in greater detail by the 
Americans, Cope and Osborn. 

South America has yielded series of rich faunas which 
ave been exploited by the great Argentinian, Florentine 


Icy, Von Meyer, and more recently by Burmeister and 
Lydokker. Later exploration and research by Hatcher 
and Scott of North America will be discussed further on 
in this paper. 


Vertebrate I^aleoiitology in America* 

Early Writers . — Having thus summarized paleontolog- 
ical progress in the Old World, we can turn to a consid- 
eration of the work done in the New, especially in the 
United States, because while the Old World investigation 
has been invaluable, a science of vertebrate paleontology, 
very complete both as to its zoological and geological 
scope and in the extent and value of published results, 
could be built exclusively upon the discoveries and 
researches made by Americans. The science of verte- 
brate paleontology may bo said to have had its beginnings 
in North America with the activities of Thomas Jeffer- 
son, who, like Hranldin, felt so strong an interest in 
scientific pursuits that even the graver duties of the high- 
est office in the gift of the American people could not 
deter him from them. "Wlien in 1797 Jefferson came to 
be inaugurated as vice-president of the United States, he 
brought with him to Philadelphia not only his manuscript 
but the actual fossil bones upon which it was based. 
Again in 1801 he was greatly interested in the Shawan- 
gunk mastodon, despite heavy cares of state, and in 1808 
made part of the execirtive mansion in Washington serve 
as a paleontological laboratory, displaying therein for 
study the bones of proboscideans and their contempora- 
ries which the Big Bone Lick of Kentucky had produced. 
Jefferson’s work would not, perhaps, have been epoch- 
making were it not for its unique chronological position 
in the annals of the science. 

Jefferson was followed by another man — this time one 
whose diverging lines of interest led him not into the 
realm of political service, but of art, for Bombrandt 
Peale possessed an enviable reputation among the early 
painters of America. Peale published in 1802 an account 
of the skeleton of the “mammoth,” really the mastodon, 
M. americamis, speaking of it as a nondescript earnivor- 


ous animai oi immense size toimcl in America. It was 
because of the form of the molar teeth that Peale said of 
it: “If this animal was indeed carnivorous, which I 
believe cannot be doubted, though we may as philoso- 
phers regret it, as men we cannot but thank Heaven that 
its whole generation is probably extinct. ’ ’ 

With the work of these men as a beginning, it is not 
strange that the more conspicuous Pleistocene fossils of 
the East should have attracted the attention of many 
subsequent writers in the first part of the nineteenth cen- 
tury, nor that the early papers to appear in the Journal 
should pertain to proboscideans or to the huge edentate 
ground-sloths and the aberrant zeugiodons whose bones 
frequently came to light. Therefore a number of men 
such as Koch, both Sillimans, J. C. Warren, and others 
made these forms their chief concern. 

Fossil Footprints . — Among the early writers who con- 
cerned themselves with these greater fossils was Edward 
Hitchcock, sometime president of Amherst College, and 
a geologist of high repute among his contemporaries. 
Hitchcock is, however, better and more widely loiown as 
the pioneer worker on a series of phenomena displayed 
as in no other place in the region in which he made his 
home. These are fossil footprints impressed upon the 
Triassic rocks of the Connecticut valley. It was in the 
Journal for the year 1836 (29, 307-340) that Hitchcock 
fii’st called attention to the footmarks, although they had 
been known and discussed popularly for a number of 
years previous. James Deane, of Greenfield, was per- 
haps the first to appreciate the scientific interest of these 
phenomena, but deeming his own qualifications insuffi- 
cient properly to describe them, he brought them to the 
attention of Hitchcock, and the interest^ of the latter 
never waned until his death in 1864. Hitchcock wrote 
paper after paper, publishing many of them in the J our- 
nal, again in his Pinal Report on the Geology of Massa- 
chusetts (1841), and later in quarto works, one in the 
Memoirs of the American Academy of Arts and Sciences 
and the two others under the authority of the Common- 
Avealth, the Ichnology in 1858, and the Supplempt in 
1865, the last being a posthumous work edited by his son, 
Charles H. Hitchcock. 



or me Jatter ana me aiseovery or iiuge riigniiess nircis 
elsewhere on the globe suggested a very close analogy if 
not a direct relationship. Hence “bird tracks” they 
were straightway called, a designation which it has been 
difficult to remove, even though in 1843 Owen called atten- 
tion to the need of caution in assuming the existence of 
so highly organized birds at so early a period, especially 
when large reptiles were known which might readily 
form very similar tracks. The footprints are now 
believed to be very largely of dinosaurian origin, and 
dinosaurs whose feet corresponded in every detail with 
the footprints have actually come to light within the same 
geologic and geographic limitations. This of course 
refers to the bipedal, functionally three-toed tracks. Of 
the makers of certain of the obscurer of the quadrupedal 
trails _we are as much in the dark to-day as were the 
first discoverers of a century ago, so far as demonstrable 
proof is concerned. We assume, however, that they were 
the tracks of amphibia and reptiles, beyond which we may 
not go with certainty. 

Agassiz, writing in 1865 (Geological Sketches), says: 

‘ ‘ To sum up my opinion respecting these footmarks, I believe 
that they were made by animals of a prophetic type, belonging 
to the class of reptiles, and exhibiting many synthetic charac- 
ters. The more closely we study past creations, the more 
impressive and significaat do the synthetic tyj^es, presenting 
features of the higher classes under the guise of the lower ones, 
become. They hold the promise of the future. As the opening 
overture of an opera contains all the musical elements to be 
therein developed, so this living prelude of the creative work 
comprises all the organic elements to be successively developed 
in the course of time.” 

Of those whose work was contemporaneous with that 
of Hitchcock, hut one, W. C. Redfield, wrote on Triassic 
phenomena, and be concerned himself mainly wdth the 
fossil fishes of that time, his first paper on tliis subject 
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curious group of armored placodcrms, the remains of 
Avhich consist very largely of armor plates with little or 
no traces of internal skeleton. There was also found in 
association a shark, Cladoselache, of such marvelous 
preservation that from some of the Newberry specimens 
now in the American Museum of Natural History, New 
York, Bashford Dean has demonstrated the histology of 
muscle and visceral organs, in addition to the very com- 
plete skeletal remains. 

Newberry’s work on these forms, begun in 1868, has 
been carried to further completion by Bashford Dean and 
his pupil L. liussakof, as well as by C. E. Eastman. 
Newberry’s other paleontological woi’k was with the Car- 
boniferous fishes of Ohio, the Carboniferous and Triassic 
fishes of the region from Sante Fe to the Grand and 
Green rivers, Colorado, and on the fishes and plants of 
the Newark system of the Connecticut valley and New 
Jersey. He also discussed certain mastodon and mam- 
moth remains, and those of the peccary of Ohio, 
Dicotyles. 

Joseph Leidy (1S23~1S!)1). 

"We now come to a consideration of the work of Joseph 
Leidy, one of the three great pioneers in American verte- 
brate paleontology, for if we disregard the work of Hitch- 
cock and others on the fossil footprints, few of the results 
thus far obtained were based upon the fruits of organized 
research. Leidy began his publication in 1847 and con- 
tinued to issue papers and books from time to time until 
the year 1892, having published no fewer than 219 paleon- 
tological titles, and 553 all told. His earlier paleontolog- 
ical researches were exclusively on the Mammalia, which 
were_ then coming in from the newly discovered fossil 
localities of the West. The discovery of those forms, 
one of the most notable events in the history of our 
science, will bear re-telling. 

The first announcement was made in 1847, when Hiram 
A. Prout of St. Louis published in the Journal (3, 248- 
250) the description of the maxillary bone of “Paleco- 
therium” {=Titanotherimn proutii) from near White 
Elver, ^Nebraska. This at once drew the attention of 
geologists and paleontologists to the Bad Lands, or 
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^jLiiiuut) gioup ui arinorea piacoaeriTis, xne reinains oi 
which consist very largely of armor plates with little or 
no traces of internal skeleton. There was also found in. 
association a shark, Clacloselache, of such marvelous 
preservation that from some of the Newberry specimens 
now in the American Museum of Natural History, New 
York, Bashford Dean has demonstrated the histoiogy of 
muscle and visceral organs, in addition to the very com- 
plete skeletal remains. 

Newberry’s work on these forms, begun in 1868, has 
been carried to further completion by Bashford Dean and 
his pupil L. Hussakof, as well as by 0. R. Eastman. 
Newberry’s other paleontological work was with the Car- 
boniferous fishes of Ohio, the Carboniferous and Triassio 
fishes of the region from Santo Pe to the Grand and 
Green rivers, Colorado, and on the fishes and plants of 
the Newark system of the Connecticut valley and New 
Jersey. He also discussed certain mastodon and mam- 
moth remains, and those of the peccary of Ohio, 
Dicotyles. 

J'oaeph Leidy (1S23-1891). 

'W.e now come to a consideration of the Avork of Joseioli 
Leidy, one of the three great pioneers in American verte- 
brate paleontology, for if we disregard the work of Hitch- 
cock and others on the fossil footprints, feiv of the results 
thus far obtained were based upon the fi’uits of organized 
research. ^ Leidy began his publication in 1847 and con- 
tinued to issue papers and books from time to time until 
the year 1892, having published no fewer than 219 paleon- 
tological titles, and 553 all told. His earlier paleontolog- 
ical researches were exclusively on the Mammalia, which 
were_ then coming in from the newly discovered fossil 
localities of the West. The discovery of these forms, 
one of the most notable events in the history of our 
science, will bear re-telling. 

The first announcement was made in 1847, when Hiram 
published in the Journal (3, 248- 
250) the^description of the maxillary bone of “Palaio- 
thenum’^ {=Titanotlierium proutii) from near Wliitc 
Kiver, Nebraska. This at once drew the attention of 
geologists and paleontologists to the Bad Lands, or 
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■.•din*’s "I' llii' Academy, I ogclhcr wiili tlic paloothcroid 
lu. ill addilimi In whicli llirce oilier collections which 
ad liccii luade were nhso placed at bis disposal for study. 
'I'lii'i arniised the iuii'rest of Doct.or Sjanicer F. Baird 
r llie Smil lisojiiaii 1 tisl il nlioii, who sent T. A. Culbci’t- 
oii In (he I’, ad l.aiuls (o make rurther collections. Tho 
liter was aiiecessrul in si'curiug a valuable scries of 
laiittiialian and chi'hmian remains, 'iriiese, together 
,illi niher speeimeiiM I'rom Ihe same locality, were sent 
II l.eidy, for, as Ihilrd remarked, Beiily, although only 
liirly years of age, was (lie only anatomist in the United 
Uafes i(iiali(ied to do ( crniiiie their nature, d’ho outcome 
if laddy’s sltidy iiT this malcrial was “dhin Ancient 
■'anna of N’ebraska,’’ published in 185;?, and couBtitutiug 
lie lined hrilHaiil work which u]) to that time American 
lalenulnlngy had ]iroduc('d. hi'idy’s determinations, 
vltich are in Ihe main correct, are the more remarkable 
vheii il is rearr/.ed ihat he had little recent osteolog- 
cal mnlerial I’nr comparative study. Tho forms thus 
li-ierilieil h> iiim wore ucw to seieiiee, of a more gencr- 
ilir.ed ebariicler Ihaii those now living, mid yet their 
lisllngitislieil descrilior recogni/.cd, either at that time or 
i lidle laler, (heir ( rue relationship to tho modern tj^ics. 
I'lie ovleiil of I.eidy’H amitouileal Icnowledgo was almost 
:‘iivieriau, and < 'ti\'i or-like he esiahlishe.d tho fact of tho 
[ireseiiee of Ihe rh Viiocnroses, then UTihoard of in the 
Ainerieun raiiiui. from a. few small fragments of molar 
[celh, ail npiaioii slu >rlly lo ho fully sustained through the 
lindiiig of I'omplelo molars and tho entire skull of tho 
‘.iDiir itiihr‘nhtitl tiitiiiuil, 

l.eidy next liiraotl his atimiiiou to the huge edentates, 
wliiidi lie simlied (‘xluuistividy, imhllshiiig his results in 
file lorin of a meinolr in IHrifi, two years utter tho appcai- 
aiiee of (In- ‘’.tlieioTlt I'bllltia.” ,. . . T T,,. 

I-Alinej lishes of the Di'voninn of Illinois and Missouri 
and Ihe Devonian and (Jarhoiiirerous of Pennsylvania 


v:uxiuuc3 ^i.uLL£j ui ciriiiureu piacouerms, ine remains ot 
which consist very largely of armor plates with little or 
no traces of internal skeleton. There was also found in 
association a shark, Cladoselache, of such marvelous 
preservation that from some of the Newberry specimens 
now in the American Museum of Natural History, New 
York, Bashford Dean has demonstrated the histology of 
muscle and visceral organs, in addition to the very com- 
plete skeletal remains. 

Newberry’s work on those forms, begun in 1868, has 
been carried to further completion by Bashford Doan and 
his pupil L. Hussakof, as well as by C. R. Eastman. 
Newberry’s other paleontological work was with the Car- 
boniferous fishes of Ohio, the Carboniferous and Triassio 
fishes of the region from Santo Fe to the Grand and 
Green rivers, Colorado, and on the fishes and plants of 
the Newark system of the Connecticut valley and New 
Jersey. He also discussed certain mastodon and mam- 
moth remains, and those of the peccary of Ohio, 
Dicotyles. 


Joseph Leidy (1S23-1S91). 

W.c now come to a consideration of tho work of Joseph 
Leidy, one of the three great pioneers in American verte- 
brate paleontology, for if Ave disregard the work of Hitch- 
cock and others on the fossil footprints, few of the results 
thus far obtained were based upon the fruits of organized 
research. Leidy began his publication in 1847 and con- 
tinued to issue papers and books from time to time until 
the year 1892, having published no fewer than 219 paleon- 
tological titles, and 553 all told. His earlier paleontolog- 
ical researches were exclusively on the Mammalia, which 
' ill from tho noivly discoimred fossil 

of the "West. The discovery of these forms, 
notable events in the histoi’y of our 
re-telling. 

m announcement was made in 1847, when Hiram 
of St. Louis published in the Journal (3, 248- 
l^description of the maxillary bone of “Paltro- 
' ^S~Titanotherium proidii) from near AVliite 
Iftoiaska. This at once dreiv tho attention of 
paleontologists to tho Bad Lands, or 





1 I'lTiv;, whicJi \\'i'ri' lo jji’ovi! ho hii>']ily prodiic- 
1.1 i.i^- .11 iiii’iiis. .'Mionl, lli(( HjiiiK! tinu! S. ’I). Culbert- 
.11 1.1 t ’liaiiili.'rNliuivv, _l’(‘iiiiHylv;uii;i, Hiilitnif.ted to tlio 
ca.li'iiiv 111 Naiiir.’il Hc'icik'.'.s at 1 ’hiladolphiii soaic fos- 
l-i • .■Hi (ii liiiii li'iini Nclii'aska by Abixaiulcu’ (billiortson, 
li.-M- uiM’i' al liTwafd tloscribcd by Ijc.idy in tlio Pro- 
•.•iliiy -; of till' Acadi'iuy, (o!J!,'('tlii'f with tlui palcoi.Ucrokl 
iw. ill aibliliiiu 111 wliirli llii'i'ii oIIum’ oolliHitioiis wlncli 
iul lifiMi iiiaili' wi'i'i' also placi'd at bln disjioHal fov study. 
'I'lii-i armisi'd llu' inlcrrsl of Diuil.or S))mK‘.(U‘ F. Baird 
r lilt' Smillismiiiin InHlilulion, who si'iit ’\\ A. Culbort- 
iii 111 till' r>ad l.aiuls |n inako riirtlior (‘.olloctioiis. The 
dli-r vv ufi Miu'fi'Msl 111 in st'iiuriiii’’ a vabuildo sorlos of 
laiiitu.'diaii and I'lit'lonian I’l'inaiiiH. ddioHo, toft'ether 
itli iilluT .' 4 |ii'i'iiiii'ii.s I'roin llii' .saiiio loeality, were sent 
1 1,1'iily, I'lii', as iWiird roniarkcd, Poidy, atl.liou;i;li only 
!iir(>' yt'af.'i nf a'";i‘, \\'a.*^ Ibc. only analoiiiist in tlio United 
llab-a iiuardii'd In dt'l oniiliio llii'ii’ nature, 'riu! outcome 
r l.i'idy'a sltidy id' (Iuh iiialeriul was "ddie Ancient 
'aiiiia id' .Vi'brasku, ’ ’ luiliIislK'd in IKali, and constituting 
ill' iiiii'd brilliaul work wliicli ii]) to that time American 
lali'iiuliiiie'v liad pi'iiditced. Peidy’s detonninations, 
diii'li are in I lie main correct, are the nioro rcinarkablo 
dieti il is realized Hint he had little recent ostcolog- 
cal malerial I'nr eomparative study, d'he forms thua 
lescrilii'd by him won' new i.o science, of a more genor- 
ili/e.l I'haracler llinn tliose now living, and yet their 
lisi im'ni.'-lied deseriPer I’l'cognized, I'ilher a,t that time or 
1 lillle laler. (heir I rue relationship to the modern typos, 
t'lie evleid of Peidv ’h niialoinlcal knowledge was almost 
'lu ierian, and < 'loder like lie eslablished the fact of tho 
ireseiiee iif (lie I'll t iioeeroses, llieu unheard of in, tho 
\inei'ieau fauna, fr<aii a few suiall fragments of molar 
eelh, nil npiiiinii .slioi'llv to he fully sustained through, the 
iiidimr <d' enmpleii' molars and tho entire skull of tho 
uiiui' hiiliriilitiil tint Dial. 

I.eldv iii'vt lurni'd Ills alteiitiou to the huge edentates, 
.vhieli it,' aiudieil exhaustively, imhlishing his results in 
he ftii'iii of u iiieinoii' in Idafi, two years al ter the appeai'- 
inei' of lilt' “ Aneirnt Fauna.” 

I'MiiicI lUlie.s of the Devonian of Illinois and Missoum 
tnd fit.' Devonian and ( JnrhonilVrous of Pennsylvania 


wliicb. liG described the peccaries of Ohio, and later, in a 
much larger and most important work, the Cretaceous 
reptiles of the United States (1865). Most of the fossils 
discussed in this last work are from the New Jersey Cre- 
taceous marls and of them the most notable was the 
herbivorous dinosaur Iladrosaurus, the structure and 
habits of which, together with its affinities with the Old 
World iguanodons, Leidy described in detail. From 
Lcidy’s descriptions and with his aid, Waterhouse Haw- 
kins was enabled to restore a replica of the skeleton in a 
remarkably efficient way. This restoration for a long 
time graced the museum of the Philadelphia Academy of 
Natural Sciences and there was a plaster replica of it in 
the United States National Museum. These, together 
Avith plaster replicas of Iguanodon from the Royal Col- 
lege of Surgeons in London, gave to Americans their first 
real conceptions of members of this most remarkable 
group. The associated fossils from the New Jersey 
marls were chiefly crocodiles and turtles. 

Prom 1853 to 1866 P. V. Hayden was carrying on a 
series of most energetic expiorations in the West, 
especially in Nebraska and Dakota as then delimited, 
returning from each trip laden with fossils which were 
given to Ijeidy for determination. The results appeared 
in 1869 in Leidy ’s Extinct Mammalian Pauna of Dakota 
and Nebraslca, published as Amlume 7 of the Journal of 
the Philadelphia Academy. In this large volume no fewer 
than SGA'enty genera and numerous species of forms, 
many of them new to science, were described, repre- 
senting many of the principal mammalian orders ; horses 
were, however, especially conspicuous. This last group 
led Leidy to the conclusion, afterward emphasized by 
Huxley, that North America was the home of the horse in 
geologic time, there being here a greater representation 
of different species than in any recent fauna of the 
world. Leidy ’s interest in the horses, for the forward- 
ing of which he made a large collection of recent mate- 
rial, extended over many years, as his first paper on the 
subject bears the date of 1847, the last that of 1890. 

_Next came the discovery of Eocene material from the 
vicinity of Port Bridger, Wyoming, geologically older 
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. , . . Naivolii lormations. This, 

.-■r wit . niipus In, Hi ll,„ (Jvucu liivcr and 
\ui(tT hiv.T .i,-|,„siis „l Wyoming' iuid tlic John 
l.n.T (I ul Oivocu, wuH iilHo roCcrved to 

. , and ailiiftl yi>(. nuin' lo |,lu; list ol: newly discov- 
.s|ii‘i'ii-a with which he had already become familiar 
< earlier reseandies. 'i'lie resuKs ol' this study were 
.•died by Ihe Haydi'U .Survey in .hS7;i, under the title 
ilnhulam.s (,, (he Kxiiiiet, Vm-telirate Fauna of the 
ern 'rerriinric.s.” 'I'his was the last of Leidy’a 
r wurlvs, Iml he couliiuied iij) to the time of his death 
purl Im Ihe Ai'aileitiy eoiieeruiiifi,' the vtirioua fossil 
s llial Were suhiuiiled lo liim for Idnutilieation. Of 
repurf.s Ihe iiio.sl impoi'laiit was one on the fossils 
le phosplinli* heilH (if .South darolina, published in 
oiirnal ol’ I lie Acadiaiiy in |SS7. 

a palei.ulohi!';i:;l, l.i'idy ranks with Cope and 
h hiuh aiiiou!'.' I hose who eiii'iehed the American lit- 
ire of (he Huhjeet, hilt it must he rememhorod that 
was hut n siiude aspee.t oC his mmiy-sided acieiititic 
•r. tor he iimde niaiiy eoiitriliutions of ]iif>;'h order to 
ly, zoohcify, and yeiieral and coniparivtivo anatomy 
ell, iior did his Iciiowlede'e and usorulnoss as an 
itelor of his I'ellow men keep williiu llio limitations of 
' NuhJeelH, 


Othnici Chui'lvfi ( tHUI-lSOO). 

ic .•dsfli deeiiilc (d’ (he iiliiel.eetdh ceiitnvy saw the 
iiiiu}.' id' the Inliors of several iialeoutoloM’ists who, 
Leidy, were desliiied io raise the science of fossil 
•hraleH in Aiiierien lo Ihe level of atlaimno.nt of the 
World. They were, aiiioii^ otliers, Otlmiel Chaidc.s 
4t niul Mdwn’nl Drinker (lope. Of tlu'se tho immes 
arsh and ('ope are linked ton^etheiTiy the lirilliance 
heir allaiumeuls, Iheir ediitemporirneity, and the 
ry which (he similarily id' tlielr 'tnirsuita unfortu- 
ly i‘ni'’e!idered, Miirsli prodiieed his tirst pnlcon- 
'icnl paper in IdC.;! (33, 37H), Ooiic in .1804, hut tho 
r died lir.-d. so ilmt liis lll’e id,' ri'seiifch was shorter. 
1 Dnifesstir Marsh should he Ktwin credit for tho 
iirujuii'/.ed exjiedilioH ilesif^'iieil exclusividy tor tho 
clion oC veidehrale remains, the results of which con- 


taiu .0 mucH ' "“‘XT SlarSVtatteip to 

the light of scientific p expedition being 

the West was m 1868, tiie ™ aitions, of which 

organized two years („„+giy financed except for the 

by tL United 

material and inimaiy • ^ ^ of a personnel drawn 

states Government, ““ eonsisteo “ body 

vYo UnSerrity ^ Thes^ parties explored Jiansas 
of Yale Unnersiiy- ^ Qj-go-on, and returned 

Neljraska, ^y™,gf’,r^mVe Oretaetona and Tertia^ 
laden mtli Some of this is of neeessity 

formations of tne Wes . secured 

somewhat ftaOTonta^, bno^ledgc of comparative 

''“f ’ jtnaSedSSraint discovery after dis- 
anatomy, enabled maibu i „ even orders of 

covery of ^reptfies which were unknown to 

mammals, birds, and f f ff^e student expe- 

soience. T|ie year 187 d saw uie ns 

ditions, and thereafter supervision, but by 

of collecting was done 

paid explorers, ° or had been especially 

guides 1x1 the -r -iqqo after fourteen years 
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tute wiiai IS possiDiy liie yi-eaLesL coiiecuon oi lossu 
vertebrates in America, if not in the world ; individually, 
they are second only to that of the American Mnsoura in 
New York City, the result of the combined labors of 
Osborn and Cope and their very able corps of assistants. 

As a scientist Marsh possessed in large measure that 
wide knowledge of comparative anatomy so necessary to 
the vertebrate paleontologist, and as a consequence was 
not only able to recognize affinities and classify unerr- 
ingly, but also to recognize the salient diagnostic fea- 
tures of the form before him and in few words so to 
describe them as to render the recognition of the species 
hy another worker relatively easy. The publication of 
hundreds of these specific diagnoses in the Journal con- 
stitutes a very large and valuahlo part of that periodi- 
cal’s contribution to the advancement of onr science. 
Marsh’s method of indicating forms by so brief a state- 
ment leaves mucli to be done, however, in the way of 
further description of his types, which in many instances 
were but partially prepared. 

Yet another important service which Marsh rendered 
to science Avas the restoration of the creatures as a whole, 
made with the most painstaking care and precision 
through assembling the drawings of the individual bones. 
These restorations have become classic, embracing as they 
did a score or more of forms, of boast, bird, and reptile. 
They also Avere published first in the Journal, although 
they have siabsequently been reproduced in text-books 
and other Avorks the world over. Part of Marsh’s popii- 
lar reputation, at least, AA’hich Avas second to that of no 
other American in his line, Avas diae to his skill in 
attaining publicity, for his papici's, of whatever extent, 
Avere carefully and methodically sent to correspondents 
in the uttermost parts of the earth, and thus the Marsh 
collection has reflected the fame of its maker. 


JEdwarfl DrinJeer Cope 

The third great name in American vertehrate paleon- 
tology, that of ICdAvard Drinker Cope, stands out in sharp 
contrast with the other tAvo, although in the range of his 
interests he Avas probably more nearly comparable Avith 



• i;ilM II’ > t la ( » •: ; |rii|ii I lir \ aa i‘ IIUU 1(‘ I’aiiious ill llio 

lal “1* ‘‘itMua* hy tlh’ ap|M‘araii{‘a nf Harwin’M ()rii;'in 
If jM iinl Miriwisinyy I llial: niuMiOvs 
hmilil ha\i‘ iiilrr^aliMl tiim In Hu' wry (aid ol: 

^ '‘iM'wa.^iinl nu‘r{‘ty u pah*(Ui(i)la,^'istj l)ut avuh 

d in rt’crail {‘sp{*(’ially I la* ( ln‘(‘(i lowcu* 

,sr:; n! \ r r 1 1 *1 jpa t I's, In lau’li all cKlcul that hia work 
rrwilh 15 liii'lily autlinrilalivi* aiul in sniiui r(‘S])(Miia 
u‘li luahiia*:. h'hirly nip.iil yrara oT aliiinst (^<niiiiuial 
wnrn hi a an< 1 i tm iin-rr mass nf his lilmairy iiroduoiioiiB 
[osidhdtius, i*spiHaally \vln'u ntia nadi/i'S that, uiiliko 
MMil* a \vrifi*r ih’ liflinia (Imy won* l>aHad on painslakln^i^ 
i*a!’t‘h {uid tdiitnsijphu'al (hniiaid, TIu' ^J 5 ;n‘a,t(‘r ])art ol; 
|u**s HTr was spnul ill tir lusir 1 Miiladoliihia I'or 

wrstmu nxplnraliniis, aiid ho is host Icnowu as jiro- 
snr nt Kmltjay ftiul pa h’nii I nln'cy iM (h(‘ Uiiivao'sity of 
[iuH\ l\ auiri, nllhnmdi in* sm'vod oIIkm' iiistilutious as 
Ih ^ 

’npo*': (*arly wtir’lc was amoiio; (h<^ ampliiliia. and rop- 
‘S, hi - lir d palooii(ti|tiy;inal papor, lln^ (h‘SoiTptioii of 
fjniHilit't'fis, appoariria’ in ^Plils year 

also hnaan Ids sindios of Iho mammals, ospo(»ially tlio 
(aooa, hnfli liviiif*: and o\(iiio(, I’rom tho Athinlic soa- 
inL ddio lu’xt your saw iho htwimiin.ijf of his work on 
‘ inalorial Trum Iho I'rolaimoiis mai'ls of Now «)orHoy, 
^oriliim^ llno’ofrom niio of (ho (ii*st (airnivoroiis dino- 
irs, In ho distaivopcd ill Anuo’ioa. jii* X8()8 

po homni to dosoriho Iho vf*rlohnili\s I'roni Iho KansuH 
ilk and (hroo yoars laloi’ math' his first oxploivitiou of 
*N 0 hods. ^Phis lot! In his otniiioolinn widi tho United 
tins I ionla*-rioal Snrvov nf Iho n\M*)*ilnrioH innlm’ Xiay- 
[U ami U\ cModimiod (*\pl(jralinn (tf \Vy<miin^ and (k)l- 
nln in iSTll and M’ho matorial tiins /^’ainod, 

isislimr id* lishos, ninsasaiirs, iliiiosmirs, and otlior 
ililos. was dost'rihisl in tin* 'Ihvnisao.lions of the 
inM'ioan t *hiltisnphioul Stitaoly as woll us in tlio Survey 
illolius. In ISTa llmst* rosiiils wore snmnmri/.ed in a 
an* qnarhi vnliimo onfillod “ \h‘r(ohrata. ol ilio Ureta- 
lUH fnnimliniis t»r llio Wosid' Snliso((n(*.nl; sninmers 
ro Hpt’ul ill furlhor I’Xplnrarmu of Iho Id’id^er, Waslia- 
a and Wasidoli formal inns of Wynmin.a’j the Uuerco 


Montana, The material gathered in New Mexico proved 
particularly valuable, and led to the publication in 1877 
of another notable volume entitled “Report upon the 
Extinct Mertobrata obtained in New Mexico by Parties 
of the Expedition of 1874. ” 

Material was now accumulating- so fast as to necessi- 
tate the concentration of Cope’s own time on research,- 
so that, while he continued to make brief journeys to the 
West, the real work of exploration was delegated to 
Charles PI. Sternberg and J. L. Wortman, both of whom 
became subsequently very well known, the former as a 
collector whose active service has not yet ceased, the 
latter as an explorer and later an investigator of 
extremely high promise. 

As early as 1865, Cope began no fewer than five sep- 
arate lines of research which he pursued concurrently 
for the remainder of his career. On the fishes, he became 
a high authority in the larger classification, owing to his 
researches into their phjdogeny, for which a knowledge 
of extinct forms is imperative. On amphibia, he wrote 
more voluminously than any other naturalist, discussing 
not only the morphology but the paleontology and tax- 
onomy as well. In this connection must bo mentioned 
not only Cope’s exploration and collections in the Per- 
mian of Ohio and Illinois, hut especially the remains 
from the Texas Permian, first received in 1877, upon 
which some of his most brilliant results were based ; 
these of course included reptilian as well as amphibian 
material. His third line of research, the Reptilia, is in 
part inclndod in the foregoing, hut also embraced the 
reptiles of the Bridger and other Tertiary deposits, those 
of the Kansas Cretaceous, and the Cretaceous dinosaurs. 

Up to 1868 Leidy alone was engaged in research in the 
"West, but that year saw the simultaneous ontranco of 
Marsh and Cope into this new field of research, and their 
exploration and descriptions of similar regions and forms 
soon led to a rivalry which in turn developed into a most 
nnfortnnato series of controversies, mainly over the snb- 
ject of priority. This resulted in a permanent rupture 
of friendship and the division of American workers into 
two opposing camps to the detriment of the progress of 



‘ Hcirnri*, 1 Ins hr(‘!U'h has now Ixani luipplly healed, 

I Wu* ii iniHilu^r (»[ yoars Ilu‘ of mnivial ^'ood will 

1 a'ul I'U the part ot (uii' workiM’.s has Ikhmi of tlio hiffli- 
surl. 

!’he exii'iif III Die Western fussil area, and ])aT'(,icularly 
e'.]i|iirai ime; nt llii’ee nl ('n|u'’s aids, AVovlltiail iu tho 
' (liii'u iiiid Waiaiteii hasiiis, !>a!d\viu iu the Piiovco of 
\v Mexie... and ( 'niinnins iu the I’ei'iuiaii of Texas, !>'avo 
1 sii Iruittnl a held nl endea\'or that, tho oeoasioii for 
lulls rivalry v.a.s lar;';ely reinnvi'd. Tlio inosl; niaiiifost 
nil III ( 'i'|ie western wiirk was the, imhlic.at.iou iu 
'"1 Ilf his \ ertehrata nf the d'ertiary ii’orniatinns of tho 
which funned vidiiine 3 of tho (luarto ])ublieatiou3 
the Hayden .Survey, d'his huu'o hook ooniains nioro 
III liKui jia'ves and SO plates and lias lioou facotiously 
led “C.ijie'a Ilihle.” 

‘iipc's philiisophical I’lml rihniions, wliioh covorod tho 
nains of evniiilion, psyehohuyv, othios, and nicta- 

ysies, ail in isils with his imiier on d'lio. ()ri,ii,'In of 

iiera. In I'volut imi he was n folhiwor of Lamarok, and 
siieli, with Hyatt, U’yder, anil I’aoknrd, was ono of tho 
iiidera Ilf the so ealled Neo I aiinarokian School in 
lerie.a. Cope’s prInoi[ial oont rlliiit ion, sot forth in his 
(■tors of ( iryaiiio. I'lvoliit ion, is tho idon of kinotofi'Cinosis 
iinehaiiioal n’onosis, tho jirineiiilo that all structures 
' (ho diroid oiilconto of tho Hln'ssos and strains to 
ieh the organism is siilijoctod, Woisiuann’s foi’cihlo 
aelc oil the I ranstaission tlioory did not shako Cope’s 
(It in (hose duet rines, for ho oiainiod that tho paloon- 
o'deal oviileiieo for tlio iiilioritiinoo of such characters 
arc appai'onlly the result, of vudividiud nuidincation 
.s too stroiie; to ho rofiitod. Copo was inoro like 
iiiarok (halt any otlicr natiiralisl. Inhis nuvntal niako-np 
Weil as his ideas. Ho was also, like .ITaockod, pfiven 
wori-intc out tlio phyloi'ony ol’ wlmtovnr tyfio lay hoforo 
n, and in ntaiiy iitslaiieos arrived inarvollonsly near tlio 
i(lt as wo now SCO it. 

Assiiciatod for a whih' with A. S. Packard, Cope soon 
■aiiio chtof odltor and projiriotor of the American Nat- 
'disf, whioh w;i,s for many years his main menus of pvih- 
iilion and (litis served oiir'srionco in a. way compariihlo 
(lie Joni'iiul. As (Ishorn says hy way ol. summation: 


ir. 


Montana. The material gathered in New Mexico proved 
particularly valuable, and led to the loublication in 1877 
of another notable volnine entitled “Report upon the 
Extinct Vertcbrata obtained in New Mexico bj'’ Parties 
of the Expedition of 1874,” 

Material was now accumulating so fast as to necessi- 
tate the concentration of Cope’s own time on research,' 
so that, while he continued to make brief journeys to the 
West, the real work of exploration was delegated to 
Charles H. Sternberg and J. L. Wortman, both of whom 
became subsequently very well known, the former as a 
collector whose active service has not yet ceased, the 
latter as an explorer and later an investigator of 
extremely high promise. 

As early as 1865, Cope began no fewer than five sep- 
arate lines of research which he pursued concurrently 
for the remainder of his career. On the fishes, he became 
a high authority in the larger classification, owing to his 
researches into their phylogeny, for which a knowledge 
of extinct forms is imperative. On amphibia, he wrote 
more voluminously than any other naturalist, discussing 
not only the morphology but the paleontology and tax- 
onomy as well. In this connection must bo mentioned 
not only Cope’s exploration and collections in the Per- 
mian of Ohio and Illinois, but especially tlio remains 
from the Texas Permian, first received in 1877, upon 
which some of his most brilliant results were based; 
these of course included reptilian as well as amphibian 
material. His third line of research, the Reptilia, is in 
part included in the foregoing, but also embraced the 
reptiles of the Bridger and other Tertiary deposits, those 
of the Kansas Cretaceous, and the Cretaceous dinosaurs. 

Up to 1868 Leidy alone was engaged in research in the 
West, but that year saw the simultaneous entrance oC 
Marsh and Cope into this new field of research, and their 
exploration and descriptions of similar regions and fo3.’ms 
soon led to a rivalry which in tium developed into a most 
unfortunate series of controversies, mainl.y over the sub- 
ject of priority. This resulted in a permanent rupture 
of friendship and the division of American workers into 
two opposing camps to the detriment of the progress of 



>ur science. This breach has now been happily healed, 
wid for a number of years the degree of mutual good will 
ind aid on the part of our workers has been of the high- 
3st sort. 

The extent of the western fossil area, and particularly 
the explorations of three of Cope’s aids, Wortman in the 
Big Horn and Wasatch basins, Baldwin in the Puerco of 
New Mexico, and Cummins in the Permian of Texas, gave 
him so fruitful a field of endeavor that the occasion for 
jealous rivalry was largely removed. The most manifest 
result of_ Cope’s western work was the publication in 
1883 of his Vertebrata of the Tertiary Formations of the 
Wo.st, W'hich formed volume 3 of the quarto publications 
of the Hayden Survey. This huge book contains more 
than 1000 pages and 80 plates and has been facetiously 
called “Cope’s Bible.” 

Cope’s philosophical contributions, which covered the 
domains of evolution, psychology, ethics, and meta- 
physics, began in .1868 with his paper on The Origin of 
Genera. In evolution he was a follower of Lamarck, and 
as such, Avith Hyatt, Ryder, and Packard, was one of the 
founders of the so-called Nco-Lamarcldan School in 
America. Cope’s principal contribution, set forth in his 
Factors of Organic Evolution, is the idea of kinetogenesis 
or mechanical genesis, the principle that all structures 
are the direct outcome of the stresses and strains to 
which the organism is subjected. Weismann’s forcible 
attack on the transmission theory did not shake Cope’s 
faith in these doctrines, for he claimed that the paleon- 
tological evidence for the inheritance of such characters 
as are apparently the result of individual modification 
was too strong to be refuted. Cope was more like 
Lamarck than any- other naturalist in his mental make-up 
as well as his ideas. He was also, like Haeckel, given 
to working out the phylogeny of Avhatever type lay before 
him, and in many instances arrived marvellously near the 
truth as we now see it. 

Associated for a while with A. S. Packard, Cope soon 
became chief editor and proprietor of the American Nat- 
uralist, which was for many years his main means of Pjj^h' 
lication and thus served our science in a way comparable 
to the Journal. As Osborn, says byway of summation: 
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“Copo IS not to be tnought ot merely as a specialist in Paleon- 
tology. After Huxl.ey he was the last representative of the old 
broad-gauge school of anatomists and is only to be compared 
with members of that school. H.is life-work bears marks of great 
genius, of solid and accurate observation, and at times of inac- 
curacy clue to bad logic or haste and overpressure of work. 
. . . As a comparative anatomist he ranks both in the range 
and effectiveness of his knowledge and his ideas with Cuvier and 

Owen Asa natural philosoplier, while far less logical 

than Huxley, he was more creative and constructive, his meta- 
physics ending in theism rather than agnosticism.” 

1S70-1SS0. 

The seventh decade was productive of comparatively 
few great names in the history of our science, but two, 
J. A. Eyder and Samuel W. Williston, being notable con- 
tributors. The former produced but few papers and 
those between 1877 and 1892, yet they were of note and 
such was their influence that he is named with Hyatt, 
Packard, and Cope as one of the founders of the Neo- 
Lamarckian School of evolutionists in America. Ryder 
was a particular friend and a colleague of Cope, as they 
wore both concerned with the back-boned animals, while 
the other two were invertebratists. Ryder wrote on 
mechanical genesis of tooth forms and on scales of fishes, 
also on the morphology and evolution of the tails of 
fishes, cetaceans, and sirenians, and of the other fins of 
aquatic types. He did, on the other hand, practically no 
systematic or descriptive work. 

Williston, on the contrary, has had a long and varied 
career as an invostigator and as an educator. Trained 
at YalG, ho prepared for medicine, and much of his teach- 
ing has boon of human anatomy, both at Yale and at the 
University of ICansas where he served for a number of 
years as dean of the Medical School. He is also a stu- 
dent of flies, and as such not only the foremost but indeed 
almost the only dipterologist in the United States. But 
it is with his work as a vertebrate paleontologist that we 
are chiefly concerned, and here again lie stands among 
the foremost. liis initial work and training in this 
department of science were with Marsh, for whom he 
spent many months in field work, collecting largely in the 
Niobrara Cretaceons of Kansas. He did, however, no 
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“Cope IS not to be thought of merely as a specialist in Paleon- 
tology. After Huxley he was the last representative of the old 
broad-gauge school of anatomists and is only to be compared 
with menrbers of that school. I-Iis life-work bears marks of great 
genius, of solid and accurate observation, and at times of inac- 
curacy due to bad logic or haste and overpressure of work. 

. . . As a comparative anatomist he ranks both in the range 
and effectiveness of his knowledge and his ideas with Cuvier and 

Owen As a natural philosopher, while far less logical 

than Huxley, he was more creative and constructive, his meta- 
physics ending in theism rather than agnosticism.” 

1S7O-1SS0. 

The soventh decade was productive of comparatively 
few great names in the history of our science, but two, 
J. A. Ryder and Samuel W. Williston, being notable con- 
tributors. Tbo former produced but few papers and 
those botwccii 1877 and 1892, yet they were of note and 
such was their influence that he is named with Hyatt, 
Packard, and Cope as one of the founders of the Neo- 
Lamarckian School of evolutionists in America. Ryder 
was a particular fi'iend and a colleague of Cope, as they 
wore both concerned with the back-boned animals, while 
the other two were invertebratists. Ryder wrote on 
mechanical genesis of tooth forms and on scales of fishes, 
also on the morphology and evolution of the tails of 
fishes, cetaceans, and sirenians, and of the other fins of 
aquatic typos. He did, on the other hand, practically no 
systematic or descriptive work. 

Williston, on the contrary, has had a long and varied 
career as an investigator and as an educator. Trained 
at Yale, he prepared for medicine, and much of his teach- 
ing has hccii of human anatomy, both at Yale and at the 
University of Kansas where he served for a number of 
years as dean of the Medical School. Ho is also a stu- 
dent of flics, and as such not only the foremost hut indeed 
almost the only dipterologist in the United States. But 
it is witli his work as a vertebrate paleontologist that we 
are cliiofly concornod, and here again lie stands among 
the foremost. His initial work and training in this 
department of science were with Marsh, for whom he 
spent many months in field work, collecting largely in the 
Niobrara Cretaceous of Kansas. He did, however, no 
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as yet unfinished, were published in the Journal iu 
1901-1904. 

William B. Scott is a graduate of Princeton, and has 
spent thirty-four years in her service as Blair Professor 
of Geology and Paleontology. His first publication, in 
1878, issued’ in conjunction with Osborn and Speir, 
described material collected by them in the Eocene foi’- 
mations of the West, and since that time Scott’s research 
lias been entirely with the mammals, on which he is one of 
our highest authorities. His most notable works have 
been a History of Land Mamnnils of the Western Hemi- 
sphere, 1913, and tlio results of Ibo Patagonian expedi- 
tions by Hatcher, which are published in a quarto series 
in conjunction with W. J. Sinclair, all.hough they are the 
authors of separate volumes, Scott’s work being mainly 
on the carnivores and edentates of the Santa Cruz forma- 
tion. It is as a systcinatist in research and as an educa- 
tor that Scott has attained his highest usefulness. 

The man who, next to the tlirco pioneers, has attained 
the highest reputation in vertebrate paleontologic 
research, is Henry Fairfield Osborn. Graduate of 
Princeton in the same class that produced Scott, Osi)orn 
served for a time as professor of comparative anatomy 
in that institution, and in 1891 was called to New York to 
organize the department of zoology in Columbia Uni- 
versity and that of vertebrate paleontology in the Ameri- 
can Museum of Natural History. He had, early in his 
career, gone west in company with Professor Scott, and 
had collected material from the Eocene formation of 
Wyoming, upon which they based tlnur tlrst joint paper 
in 1878, Osborn’s first independent production, a memoir 
on two genera of Dinoecrata, appearing in 1881. A num- 
ber of papers followed, on the Mesozoic Mammalia, on 
Cope’s tritubcrcular thooiy, and on cerl.ulu apparent evi- 
dences for the transmission of acquired cliar.'u'.ters, It 
was, however, with his acceptance of the Now York 
responsibilities, especially at the American Museum, 
that Osborn’s most significant work liegan. Aidml first 
by Wortman and Earle, later by W. H. Matthew and 
others, he has built up the greatest and irK)st complete 
collection of fossil vertebrates extant; its value, how- 
ever, was largely enhanced through the purcliaao of the 
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of the acceptance of Osborn’s theses by his fellow work- 
ers in science. 

Since the death of Professor Marsh, Osborn has served 
as vertebrate paleontologist to the United States Geolog- 
ical Survey, and has in charge the carrying through to 
completion of the many monographs proposed by his dis- 
tinguished predecessor. One of these, that on the horned 
dinosaurs, has been completed by Hatcher and Lull 
(1907), another on the stegosaurian dinosaurs has been 
carried forward by C._W. Gilmore of the United States 
National Museum, while under Osborn’s own hand are 
the memoirs on the titanotheres (aided by W. K. Greg- 
ory), the horses, and the sauropod dinosaurs. Of these, 
the first, when it shall have been completed, promises to 
bo the most monumental and exhaustive study of a group 
of fossil organisms ever undertaken. 

As a leader in science, a teacher and administrator, 
Professor Osborn’s rank is high among the leading verte- 
bratists. Ho is remarkably successful in his choice of 
assi.stants and in stimulating them in their productive- 
ness so that their combined results form a very consider- 
able share of tlio later literature in America. 

'I’hc ninth decade ushered in the work of a valuable 
group of students, of whom Jphn Bell Hatcher should be 
mentioned in particular, as his work is done. Graduate 
of Yale in 1H84, he spent a number of years assisting 
his teacher, Professor Marsh, mainly in the field, collect- 
ing during that time, eitlier for Yale or for the United 
States Geological Survey, an enormous amount of very 
fine material, oapec.ially from the West, although he also 
collected in the older Tertiary and Potomac beds near 
Washington. In the West he secured no fewer than 
n.Of) titaiiotiu'.ro skulls, explored the Tertiary, Judith 
River, and IjJinco formations, collceted and in fact vir- 
tually discovered the remains of the Cretaceous mammals 
and of the liornod dinosaurs which ho was later privileged 
to describe. IT('. then (1893) wont to Ih-incoton, which he 
served for seven years, his principal work being explora- 
tions in Ihitagonia for the E. and M. Museum, one direct 
result of which was the publication of a large quarto on 
the narrative of tlie expedition and the geography and 
ethnography of tlie region. Going to the Carnegie 
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lie tlirniiyhout the world I'oi' exiont, Jor coiuplote- 
, and I'l.r varielv. 'i'o ibis must bo added a, certain 
ricaii d.'u-iim- in (he mailer of Urn restoration of nnss- 
p..rli..iei. l.ntb of Ihe Individual hones and of tho 
•tea n-i a wtude. such ns Kiiroiiean conservatism will 
m a ride pennil. 'I'liis work has for the most part 

di.iie after the most painstaking comparison and 


results, -wnicn renaer me laoric or me siceieton much 
more intelligible, both to the scientist and to the layman. 
Material once secured and prepared is then mounted, 
and here again American ingenuity has accomplished 
some remarkable results. Some of the specimens thus 
mounted are so small and delicate as to require holding 
devices comparable to those for the display of jewels; 
yet other’s — huge dinosaurs the bones of which are enor- 
mously heavy, but so brittle that they will not bear even 
the weight of a process unsupported — require a care- 
fully designed and skilfully worked out series of supports 
of steel or iron which must be perfectly secure and at the 
same time as inconspicuous as possible. And of late the 
lifelike pose of the individual skeleton has been aug- 
mented by the preparation of groups of several animals 
which collectively exhibit sex, size, or other individual 
variations and the full mechanics of the skeleton under 
the varying poses assumed by the creature during life. 

The work of further restoration has boon rendered pos- 
sible through comparative anatomical study, enabling us 
to essay restorations in entirety by means of models and 
drawings, clothing the bones with sinews and with flesh 
and the flesh wdth skin and hair, if such the creature 
bore; while the laws of faunal coloration lia.vc permitted 
the coloring of the restoration in a way which if not the 
actual hue of life is a vei’y reasonable possibility. 

Thus the American paleontologists have blazed a trail 
which has been followed to good offect by certain of their 
Old World colleagues. 

With such means and methods and such material avail- 
able, it is again not surprising that American paleontology 
has furnished more and more of the evidences of evolu- 
tion, and disclosed to the eyes of scientists animal rela- 
tionships which wore undreamed of by the systcunatist 
whose research dealt only with the existing, it has also 
explained some vexations proldemsof animal distrlhiition 
and of extinction, and has connooted vq) eanae. and effect 
in the great evolutionary movements which are recorded, 

The results of systematic research have added hosts of 
new genera and species and of famirK'.s, but of orders 
there are relatively few. Nevertheless a number. 
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eaniid ; prtdtablv no le.;:; while much is known ol 
dt*er and tuantdouls, lie* bed slnuvin,*^; sevt'ral paralh*! 


pristine home in the Old World nevertheless soon sought 
the new where their remains are found from the Miocene 
until their final and apparently very recent extinction. 
These creatures show increase of bulk, perfection of feet 
and teeth, development of various \yeapons, horns and 
antlers, which may be studied in their relationship with 
the other organs to make the evolving whole, or their 
evolution may be traced _as individual structures which 
have their rise, culmination, and sometimes their senile 
atrophy in a way comparable to that of the representa- 
tives of the order as a whole. Thus, for example, 
Osborn has traced the evolution of the molar teeth, and 
Cope of the feet, while Marsh has shown that brain devel- 
opment runs a similar course and that its degree of per- 
fection within a group is a potent factor for survival. 

As a student of evolution, the paleontologist sees 
things in a very different light from the zoologist. The 
latter is concerned largely with matters of detail — with 
the inheritance of color or of the minor and more super- 
ficial characteristics of animals— -and the period of 
observation of such phenomena is of necessity brief 
because of the mortality of the observer. Whereas the 
paleontologist has a perspective which the other lacks, 
since for him time means little in the terms of liis own 
life, and he can look into the past and see the groat and 
fundamental changes which evolution has wrought, the 
rise of phyla, of classes, of orders, and ho alone can see 
the orderliness of the process and sense the majesty of 
the laws which govern it. 

Influence of the A'inerican Journul of Science* 

The influence of the American Journal of Science as a 
medium for the dissemination of the results of vericihriiio 
research has been in evidence througliout this discussion, 
but it wore well, perhaps, to ompluisizo tliat .service nioro 
fully. The Journal was, as wo have seen, the chief nutlet 
for Professor Mar.sh’s research, for tliere were imblisliod 
in it during his lifetime no fewer than ITb papers descrip- 
tive of the forms which ho studied, as well as a great part 
of the material in the published monograph, s. Aa Marsh 
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THE RISE OF PETROEOOY AS A SCIENCE 
By LOUIS V. PIBSSON 

T his chapter is intended to present a brief sketch of 
the progress of the science of petrology from its 
early beginnings down to the present time. The 
field to be covered is so large that this can be done only in 
broadest outline, and it has tliorefore been restricted chiefly 
to what has been accomplished in America. AU.hongh the 
period covered by the life of tlic Journal extends back- 
ward for a century it is, however, praciically only 
within the last fifty years that the rocks of the earth’s 
crust have been made the subject of such systematic 
investigation by minute and delicately accurate methods 
of research as to give rise to a distinct branch of geologic 
science. It is not intended of course to affirm by this 
statement that tlie broader features of the rocks, espe- 
cially those which may be observed in the field and which 
concern their relations as geologic masses, had not been 
made the object of inquiry before this time, since this is 
the very foundation of geology it, sell'. Moreover, a cer- 
tain amount of investigation of rocks, as to the minerals 
of which they were composed, the significance of their 
textures, and their chemical composition, had been car- 
ried out, concomitant with the gi'owth from mitiy times 
of geology and mineralogy. Thus, in IS in, (lordi'er by a 
process of washing seiiarated the comiioiumts of a basalt 
and by chemical tests dchni'miiu'd the constituent min- 
erals. At the time the Journal was foumh'd, and for 
many years following, the geiu'sis of rocks, ('sia'cially of 
igneous rocks, was a subject of im|niiy ami of jiroloiigcd 
discussion. The aid of the raiiidly gimwing seieiuurof 
chemistry was inv'oked by Uui geologists and analyse, s of 
rocks Avci'c made in the attempt to I'hrow light on ‘iiupor- 
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the rocks as they saw them in the field and made inci- 
dental reference to them, but investigations of the rocks 
themselves was very little attempted. An inspection of 
the first two series of the Journal shows relatively little 
of importance in petrology published in this country; 
a few analyses of rocks, occasional mention of mineral 
composition, of weathering properties, and notices of 
methods of classification proposed by French and Ger- 
man geologists nearly exhaust the list. 

Introduction of the Microscope. 

The beginnings of a particular branch of science are 
generally obscure and rooted so imperceptibly in the 
foundations on which it rests that it is difficult to point 
to any particular place in its development and say that 
this is the start. There are exceptions of course, like the 
remarkable work of Willard Gibbs in physical chemistry, 
and it may chance that the happy inspiration of a single 
worker may give such direction to methods of investiga- 
tion as to open the gates into a whole new realm of 
research, and to thus create a separate scientific field, as 
happened in Radiochemistry. 

This is what occurred in petrology when Sorby in 
England, in 1858,® pointed out the value of the micro- 
scope as an instrument of research in geologic investiga- 
tions, and demonstrated that its employment in the study 
of thin sections of rocks would yield information of the 
highest value. Others beside Sorby had made use of the 
microscope, as pointed out by Zirkel,"* but, as he indi- 
cates, no one before him had recognized its value. Dur- 
ing the next ten years or so, however, its recognition was 
very slow and the papers published by Sorby himself 
were mainly concerned in settling very special matters. 

As Williams® has suggested, the greatest service of 
Sorby was, perhaps, his instructing Zirkel in his ideas 
and methods, for the latter threw himself whole-heart- 
edly into the study of rocks by the aid of the microscope 
and his discoveries stimulated other workers in this field 
in Germany, his native country, until the dawning science 
of petrology began to assume form. A further step for- 
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liooks (>r /jii'kcl" and R.()S(mU)iikc.1i' wliicdi o.onaUul i;ho 
knowlt'il”'!^ which laid IxaMi !ji,'aiiu'd and I'lirnisluul l.lio 
invnsli, palin' nioia'. i)r('c.is(‘ nu'lliods ol' work. It is difli- 
c.ull. Tor lli(' sludi'iil. (»!' to-day (o n'ali'/.(' how iinud had 
boon loarnod in the in(('vval and, I'nr lhal. iind.lcr, how 
iimoh has hi'on ji,'ain('d since lS7o, wilhoni. an iiisi)cc.(,ion 
oC lln>s(i now olisolcic (.t>x(s. In ISt;,'!, /arka'l, who was 
thou at lilt' l)cy,'innin^ ol’ liis work, said in his iirsl. ])apoi* 
jiroHcnlcd lo Ihc \^icnna Academy of iScicnct's” ilial, il' lio 
ooiilincd hiniscir chit'lly to the sl.rucl.uro ol: the, rocks 
jijvcsl i^H'alcd and ol' iht'ir coniponcnl. minerals, and slated 
little as lo what llu'sc miut'i'als wort', the reason for that 
was hecanse “althou/^h the mieroseope Hervt's splendidly 
for the inveslip,'alion td' the ronner relations, it jiromises 
vt'vy litlle. help Tor the lallt'r. 1 jahradorite, oli^oe.last^ 
and orl.hoe.last', aufj;'ite and liornhiende, minerals whoso 
re.o.ojjfnition olTers the most important problems in 
petrop;raphy, in most eases cannot he distin^'nished froin 
one anolht'i’ under the mierose.oiie.” How little could 
>jirkel liave. I'oreset'U, at this time, less than forty years 
later, that not only could lahradoritc ho accurately 
<leterniined in a rock section, hut that in a few minutes by 
the, mnhin^ of two or Ihri'c measni’enu'uls on a. iiroiiorly 
Holecled Kee,iion, ils chemical composition and the ci'ys- 
tallo^'raphic orientation of the section itself conld ho 
deternuned 1 


The Thin Scrfloti, 

Ih'forc Roin/j; further we. may pansi' here a monu'ut to 
(‘.(insider the orip;in and (h'velo]nnent of tin' thin si'ction, 
without which uo pi'oa:r('Hs could liave hi'cn made in this 
fu'ld of ri'si'arch. Wlu'U we I'clleet upon the matti'r, it 
seems a marvi'lons thin^j: imh'i'd that I he (h'nsi'st, blackest 
rock can he nnuh' to yii'hl a si'clion of the 1/1 ()()() of an 
inch in thlekness, so Ihin and li'ansparent that line print- 
iufji: can he ('asily ri'ad Ihrouyh il, and 1 ransmil tiny liyht 
HO clearly Unit the most hi";h juiwt'red ohjeetlvi's of the 
microscope can he usi'd to dise.ern and stinly llu' minnh'st 
struc.tun'S it presi'nls with Ihe same capacity lhal. Ilu'.y 
can he ('upiloyc'd u]ion st'clions of oryanic mah'rial Tire- 
jmred by the microtome, 1'his is no small achievemi'iit. 
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A CENTURY OP SCIENCE 

The first thin sections appear to have been prepared in 
1828 by William Nicol of Edinburgh, to whom Ave owe the 
prism which carries liis name. He undertook the making 
of sections from fossil Avood for the purpose of stud 5 dng 
its structure. The method he developed Avas in principle 
the same as that employed to-day, Avhere machinery is 
not used ; that is, he ground a flat smooth surface upon 
one side of a chip of his petrified wood, then cemented 
this to a bit of glass plate Avith Canada balsam, and 
ground doAvn the other side until the section Avas suffi- 
ciently thin. This method Avas used by others for tlie 
study of fossil woods, coal, etc., but it was not applied to 
rocks until 1850, Avlien Sorby used it for investigating a 
calcareous grit. Oschatz, in Germany, also about this 
time independently discovered the same method. A fur- 
ther advance was made in melting the cement, floating off 
the slice, and transferring it to a suitable object-glass 
Asdth cover, a process still emplojmd by many; though 
most operators noAv cement the first prepared surface of 
the rock chip directly to the object-glass, and mount the 
section Avithout transferring it. 

Next came the use of machinery to save labor in grind- 
ing, and another step Avas made in the introduction of the 
saAv, a circular disk of sheet iron whose edge was fur- 
nished with embedded diamond dust. This makes it 
possible to cut relatively thin slices Avith comparative 
rapidity, but the final grinding which requires experience 
and skill must still be done by hand. Carborundum has 
also largely replaced emery. The skill and technique of 
preparers has reached a point Avhere sections of rocks of 
the desired thinness (0-001 inch), and four or five inches 
square have been exhibited. 

Tlie Era of Petrography. 

In these earlier days of the science, as noted aboAm, 
great difficulty was at first experienced in the recognition 
of the minerals as they were encountered in the study of 
rocks under the microscope. At that time the chemical 
composition and outAvard crystal form of minerals were 
relatively much better knoAvn than their physical and, 
especially, their optical properties and constants. Some 
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etaniorphic rtM'ks, in addition to (heir mini'i’al 
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us(’ of (In' microscope, as soon as tin' nn'Ihod 
‘ more neneraity undei’stood, opened up so vast a 
u* invest i!*;at ion that al hrsJ Ihe study and di'scrip 
the rocks si'(sned of prime im|»orlanc(', h’his was 
1, Tor hilherto (In' hm'r /'.rained roclcs had I'or (he 
art delieel any adetpiale elucidation and lieis' was a. 
dell eualj|e(i oin* to read the ciplier, A (lood of lit 
(‘ upon (he eomposil ion, sinn'tui’i', and olln'r char 
oi* rocks froni all parts* of the world he‘';an to 
• in e\'er increaMin"’ \olnme. ddie demands of Ihe 
raphers Tor a e.reah r and more accurate knowledv;e 
physical and optical ctui.sianl'i ol’ minerals stiimi 
lliis side td’ mineraheyv, and increasing altenlioii 
veil to invest i”:a( ions in (his diret'llom No ih'linilc^ 
'IW'eell Ihe I Wo cl(J:‘ely rr'laled Sciences could )u'. 
, and a lar'ce pai’l of tlie work pnhlished under lln^ 
\*X t‘r pet roera ph v could perhaps Ik* as vs'ell, 

, descril}i‘d under the title td’ miertt minerahnyva 

in (nith, the rocks presiuded themsi'lves simply 
rea'ales (d‘ minerals, occiirrin'*; in line ••;raiir’.. 

Work (d* the (h‘rman pel !*(»/• raphers attracted 

ni 
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to tlieir laboratories, especially to those of Zirkcl and 
Rosenbuseh. The great opportunities, facilities, and 
freedom for work which the German universities had 
long offered to foreign students of science naturally 
encouraged this. In hh’ance a brilliant school of pctrolo- 
g'ists, under the able leadership of Michel-Levy and 
Fouque, had arisen whose work has been continued by 
Barrois, Lacroix and others, but the rigid structure of 
the French universities at that period did not permit 
of the offering of great inducements for the attendance 
of foreign students. The work of the French loetrog- 
raphers will be noticed in another connection. 

In Great Britain, the home of Sorby, the new science 
progressed at first slowly, until it was taken up by All- 
port, Bonney, Judd, Rutley, and others. In 1885 the 
evidence of the advance that had been made and of the 
firm basis on which the new science was noAV placed 
appeared in TealPs great work, “British Petrography,” 
which marked an epoch in that country in petrographic 
publication. This work was of imiDortance also in 
another direction than that of descriptive petrography, 
in that it contains valuable suggestions for the applica- 
tion of the principles of modern physical chemistry in 
solving the problems of the origin of igneous rocks. In 
it, as in the publications of Lagorio, we see the passage of 
the petrographic into the petrologic phase of the science. 

The earliest publication in America of the results of 
microscopic investigation of rocks that the writer has 
been able to find is by A. A. Julien and C. E. Wright, 
chiefly on greenstones and chloritic schists from the 
iron-bearing regions of upper Michigan.® Naturally, it 
was of a brief and elementary character. In 1874 E. S. 
Dana read a paper before the American Association for 
the Advancement of Science on the result of his studies 
on the “Trap-rocks of the Oonneeticut valley,” an 
abstract of which was published in this Journal.*® 
Meanwhile Clarence King, in charge of the 40th Parallel 
survey, feeling the need of a systematic study of the 
crystalline rocks which had been encountered, and finding 
no one in this country prepared to undertake it, had 
induced Zirkel to give his attention to this task. The 


u LJUD iriuui u[;pcaroa in j.bYO in a tine volume^ ^ 
li attracted ft’reat attoiition. In the same year 
nred also petrographical papers by J. H. Caswell,'^ 
. Dana''* and G. W. Hawes.'* Tiic latter devoted 
olf almost entirely to this field of research and may 
perhaps, be termed the earliest of the petrog- 
ers m this country. His work, “The Mineralogy 
Inthology of New Hampshire,” issued in 1878 as one 
le reports of the State Survey under Prof. C. H. 
acock, wa,s the first considerable memoir by an 
riean. This was followed by various papers, one on 
“Albany Clranite and its contact phenomena, 

? of especial interest as one of the earliest studies of 
itact zone, and in the fullness of methods employed 
ttaeking the problem forecasting the change to 
ctrology era. 

iring the ten years following, or from 1880 to 1890, 
new science of petrography flourished and grew 
idingly. Many young geologists abroad devoted 
selves to this field of research and the store of 
nulated knowledge concerning rocks from' all parts 
0 world, and their relations grew apace. The woi’k 
call has been noticed and among others might be 
ioned the name of Brogger, whose first contrlbu- 
“ in this field gave evidence that his publications 
d become classics in the science. 

America there appeared in this period a number of 
r workers, trained in part in the laboratmues of 
nbusch and Zirkcl, whoso researches were destined 
ace the science on the secure footing in this country 
li it occupies to-day. Among the earlier of these may 
entioned 'Wliitman Cross, E. D. Irving, J. P. Iddings, 
. Williams, J. F. Kemp, J. S: Diller, B. K. Emerson, 
1. Wadsworth, G. P. Merrill, N. H. Winchell, and 
. Adams in Canada. Others were added yearly to 
group. Asa result of their work a constantly grow- 
/olume of information about the rocks of America 
ne available, and one has only to examine the files 
e Journal and other periodicals and the listed pub- 
ons of the National and State Surveys to appreciate 

the Journal, for example, we may refer to papers"' 


on the occurrence oi nephelite syenite at Beemorsvillc, 
N. J. ; to various interesting articles by Cross on lavas 
from Colorado and the pneumatolytic and other min- 
erals associated with them; to important papers by 
Iddings on the rocks of the volcanoes of the Northwest, 
and those of the Great Basin, to primary quartz in 
basalt, and the origin of lithophyScC; to the results of 
researches by G. PI. "Williams on the rocks of the Cort- 
landt series, and on peridotite near Syracuse, N. Y. ; to 
papers by Diller on the peridotites of Kentucky, and 
recent volcanic eruptions in California; to articles by 
IP. D. Irving- on the copiier-bearing and other rocks of the 
Lake Superior region, and to Kemp on dikes and other 
eruptives in southern New Yoi’k and northern New 
Jersey. Other publications would greatly extend this 
list. 

The Petrologic 

As the chief facts regarding rocks, especially igneous 
rocks, as to their mineral and chemical composition, their 
structure and texture and the limits within which these 
are enclosed, became better known; and the relations, 
which these bear to the associations of rocks and their 
modes of occurrence, began to be perceived, the science 
assumed a broader aspect. The perception that roclcs 
were no longer to be regarded merely'- as interesting 
assemblages of minerals, but as entities whose eharac- 
.tors and associations had a meaning, increased. More 
and better rock analyses stimulated interest on the 
chemical side and this and the genesis of their minerals 
led to a consideration of the magmas and their func- 
tions in rock-making. The fact that the different kinds 
of rocks wore not scattered indiscriminately, but that 
different regions exhibited certain groujoings with com- 
mon characters, was noticed. These features led to 
attempts to classify igneous rocks on different lines from 
those hitherto employ’-ed, and to account for their origin 
on broad principles. In other words, the descriptive 
science of petrography' merged into the broader one of 
petrology. No exact time can be set which marks this 
passage, since the evolution was gradual. Yet for this 



issues <) I lh(‘ “,l>il)!i(i^'r;H)hy ol* Nevih Aiiici'iciiii 
y” juililislied liy I lie 1 1. S. (ieolo^'icnl Ruvvoy lius 
l.li(‘ .yrea ti'sl. \’;ilne; 1lie writer lias been struck by 
I, tliat ill the first. X'obiiiie eeiitainiii,!!; the. index of 
down to and iiielintijiy lSt)l, tlie articles on snb- 
1' this iiaturi' ari' listed under the lieadin.i*' of 
whereas in tlii' second volnine ( lS9^-lT)0l)) 
•0 ,^•ro|ll)e<l under /u'/ru/o//// and the former head- 
omitted. A Just ilicat ion for this is found in 
ini^ the list of [mbUcations and notini>' their char- 
Willi some r(‘ason, tlierefori', the bef^’imiiui>' of 
riod may bi' iihici'd as in the mirly yi'ars of this 
Ii’iirtlieimiori', it was at this time l.liat the j>reat 
f Zirkel"' lieyaii to appear, which sums u]i so coni- 
tlie results of the ]iet ro,yra|)hicera. Itosmibuscli"* 
•iniilatin/j,' more detlnitely his \'iews on the division 
cs into uia,ynialic .n'roups, as disiilayi'd by tlu'ir 
tions in the liehl, and usin.n' this in ehissilicatiou ; 
which, appmirin.a,' first in the second edition of his 
io.H'i'aphie der massip'en (i(‘sl.eine,” finds fuller 
inieiit ill file third and last editions of this work, 
country Iddiii.ys-'" pnblislu'd an iin))ortant pa))er, 
'.h the family relatioiishiiis of i;j;neous rocks and 
■ivation id' diverse p,'roups from a common niaymu 
ereiitiation are clearly broiiLdd: out. The fiinda- 
problcrns underlyin.y the ^^'c'lU'sis of i^meous rocks 
w bi'cii ch'arty recoenizi'd, and with, this recof.;ni- 
he science passed int.o the petrolo.sjjic ])haso. 
•r-' also had ascribed to the alkalic rocks of Mouth 
y a coimnon parentage and had ])ointed out their 
tl ]ieculiarit i(‘S. 

n this time forward anatteinpt maybe noted to find 
lo;j;y bet.wi'cn rocks and the forms of or,ya>dc life 
apply those princ.iiiles id' evolution and descent, 
have proved so fruitful in the advancement of the 
cal scicmct's, to the ^'enesis and classification of 
s rocks. 'This, iimdiaps, has on the whole bemi 
ililiarmit than ri'al, in the constant borrowing of 
from those sciences t.o I'xpress certain feat ures and 
nshiiis observed, or imagined, to obtain among 
Nevertheless, tlie jiercejdion of certain relations 


has proved of undoubted value in furnishing a stimulus 
for the investigation of new regions, and in affording 
indications of what the petrologist should anticipate in 
his work. 

Thus, the labors of the men previously mentioned, with 
those of Bayley, Baseom, Cushing, Daly, Lane, Lawson, 
Lindgren, Pirsson, J. F. Williams, Washington, and 
others, have thrown a flood of light upon the igneous 
rocks of this continent, and has made it possible to draw 
many broad generalizations concerning their origin and 
distribution. Thus, the differentiated laccoliths of Mon- 
tana-^ have been of service in affording clear exam]fles of 
the process of local differentiation. Many pa]U'r.s pub- 
lished in the Journal during the last twenty years show 
this evolution and growth of petrological ideas. The 
contributions from American sources during this later 
period, and of which those in the Journal form a consid- 
erable fraction, have indeed been of great Aveight in 
shaping the development and future of the science. 

By referring to the files of the Journal, it will be scon 
that they cover a continually widening range of subjects 
concerning rocks, and articles of theoretical interest are 
more and more in evidence, along Avith tlinso of a purely 
descriptive cliaraetcr.-* Tims avc find discussions by 
Becker on the physical constants of rocks, on fractional 
crystallization, and on differentiation; hy Cross on 
classification; by Adams on the physical properties of 
rocks; by Daly on the methods of igneous intrusion; by 
Wi'ight on schistosity; by Ponner on the crystallization 
of basaltic magma; by BoAvon on differentiation by 
crystallization ; by the Avriter on complementary rocks 
and on the origin of phcnocrysts ; by Smyth on the origin 
of alkalic rocks; hy Mnrgoci on the genesis of ricbcckitc 
rocks ; and by Barrcll on contact-metamorphism. These 
may serve as examples, selected almost at random, from 
the files of the Journal, and avo find Avith them articles 
descriptive of the petrology of many particular regions, 
which often contain also matter of general interest and 
importance, such as papers by Lindgren on tlic grano- 
diorite anrl related rocks of the Sierra Nevada; by 
Eansome on latitc ; by Cross on the Leucite Hills ; hy 


voU’aiiu*. rot'ks ( roui Nortli (JaroUua ; hy Wur- 
\ il(^s 1 rom (hnuhorlaixl, \i. T. ; on saiulsUnic 

T(*xas l)y (ioldiuan; and on tho potrolo^y oF vari- 
K^alitins in otnilral N(^av^ Jfani])shiro l)y Wa.sirm,i>'(;o 7 i 
In* wril(‘i\ SiuOi a ]lsl. (‘ojild oT coiirso b(‘ niucli 
l(‘d and olli(*r oF iniporlntuu^ 1)(^ ciiiMl, but 

'll lias Ikmmi said to indi(*.a<(^ liow inipor(ant a la^posi- 
d Iho ri'SuKs of ])cirolo<4;io, la^soaroli tho Journal has 
ni<l contiuiK's to \)i\ 

tlms lookin.a’ baidcward ovc^r tlio list oF aotlvo 
‘rs wn ar(‘ involuntarily l<‘d to ])nnso and rcdlcot 
i;a’(‘at a loss AiiXM’ic'.an ])(‘(.rolo,a'y hns snstainod in 
n*nia(uri‘ di'alli oF sona* ol* its most brilliant and 
isinv; (‘xpoinmls ; it is onI\’’ lusa^ssary to riM’.all tho 
s oF Iv. I). Irviii.a’, (1. II. Williams, (1. W. llawi's^ 
Williams and ( ^ain'ilh* 1 jinvis, to appriMnalo iliis, 

* stoi'(» oF maim‘ia1 /.vnl during’ lli(‘S(* yc^ai'S 1ms 

I llio pu])li(%'i( Ion oF (^x((‘nsiv(‘ nuanoirs, in whio.li llio 
*(' is (i*oafo(] noi: From tlio oldm* d(‘S0!’i])(iv(' sid('., lint 

llu* llnsnahhad slandpoint and oF (‘lassifio.ation.***'* 
‘S(‘ Avorks slrnn.*j^ divmavMio-ii's oF vlmvs and ojiinions 
il)S(‘rv(*d, ^vlliol) is a. hoallhy s!‘'’n in a dov(do[)in,i>; 

‘O. 

>ili<ndd 1 k‘ also mdcal Hint alon^ widi iliis (umlidlon 
(‘ ilioondioal sid(‘ Hima' has hism a (».ons(ant impi’ovi*’ 
in dll' ti‘chnl((ii(' oF inv(*s(.i,‘>alini»’ rooks. It. is only 
sary 1o (♦onijiari' dn^ ohlor liandhoolcs of Zirkol and 
nhiisoh widi dm many modi'rn ti’i'ai.isi'S on ])olro- 
'lio niodioils to 111' assiiri'il oF dils.''“ It is duo on tho 
land lo dm vast ainounl. oF (‘arid’nl wovk whioh has 
(Iniio. in ao.o.nrafi'ly doli'ninninn; dm iihysioal con- 
s oF roi'k iniiu'iads'^" and In ari‘an?i:lni!: llu'so For 1lmir 
niinalion mioros(‘o])ioally, as in dii'. ri'inai'kahlo 
I'S on dm Foldspars hy Miohold jovy, and on dxi odn'r 
S(‘an*lms on du^ aiiparains (•mploy('d, a7id in oonso- 

^ jjiny Jncnlun) Hu* work in ninuo’iilo^fy oT Vco- 

hi Iho fMM‘(im|»anyioic oluiplor mi niinm’:iloj.^y. In mlililinii l,o 
I'lirnlo ilt'lormiiiJiium of Iho cmniiohil ioii junl chumIjiiiIm ol' imiiiy 
1 m, Homo of whirh hnvo unporljiuon from Iho pol r'ojp’iiphi<*. Hliiodiniint', 

II to liim morn tlnm nuyonn (In' i'i'('o»»:iut it»n of (lum•im^ nml hyili’nxyl 
firh'ly of HfKM'ioM, fiml ihni’nhy Urn pnr('<*[j|ioti of lh<Mr [OKMinm Inly! hj 

niH l».*ipni'H hnvo hnmi joihljohna jilmonl. milirnly in l.iio Joiirnnh 


cliiced by Wright.-" The development of the microscope 
itself as an instrument of research in this field and in 
mineralogy deserves a further word in this connection. 
The first stop toward making- the ordinarj'- microscope of 
special use in this way was taken by Henry Pox Talbot 
of England, when he introduced in 1834 the employment 
of the recently invented nicol prisms for testing objects 
in polarized light. The modern instrument may be said 
to date from the design offered by Roscnbusch in 1876. 
Since that time there have been constant improvements, 
almost year by year, until the instrument has become one 
of great precision and convenience, remarkably well 
adapted for the Avork it is called upon to perform, with 
special designs for Auarious kinds of use, and an almost 
endless number of accessory appliances for research in 
different branches of mineralogy and crystallography, as 
well as in petrography proper.^® This also calls to mind 
the fact that for the convenience of those Avho are not able 
to use the microscope special manuals of petrology have 
been prepared in which rocks are treated from the 
megascopic standpoint.^o 

Metarnovjihic HocTcs. 

In this connection the metamorphio rocks should not 
be forgotten. They afford indeed the most difficult 
problems with which the geologist has to deal ; every 
l3ranch of geological science may in turn be called upon to 
furnish its quota for help in solving them. Under the 
attack of careful, accurate and persistent work in the 
field, under the microscope and in the chemical labora- 
tory, with the aid of the garnered knowledge in petrol- 
ogy, stratigraphy, physiography, and other fields of 
geologic science, their mystery has in large part given 
Avay. The inaugural Avork of Lehmann, Losson, Barrois, 
Bouncy, Teall, and other European geologists, Avas par- 
alleled in America by that of R. D. Irving, oAving to Avhosc 
efforts the Lake Superior region became the cliief place 
of study of the metaraorphic rocks in this country. 
Irving soon obtained the assistance of G-. H. Williams, 
Avho had been engaged in the study of such rocks, and the 


\i(Mi{)nini(‘(‘ anti jviartiutuit^ in iVl icliiKnu Avlutui will 
iiys remain ont' oT Urn elassies in llio liitn’aiuro oT 
amorphic, rocks. lr\'in.u;’’s own coniribni.ioiis to 
'olt)i»'y, (liou.i»*li valnal)l(\ wtn’t^ c.ui sliorl, by Ills 
inicly (It'alh, bnl; llu^ sliitly oF this r(‘j>’iou undtn^ the 
‘tdion i)\' his as.stxhait^ and smxx^sso]’, (J. hk Van IHs(\ 

1 Ills CO lahtu’tM’s, has yitdtlial a, mass of inronnaliou 
uadainiMilal iniporlaut't* in oiir undtn’siandin.^* oT mtd:- 
)ri)!iisni and lh(‘. c.i’ysialline. sc.hisis. Its rruita.ij:o 
t‘ars in Hit' imnuoir by Van Hist*'*’ wliich is Iht' aullior- 
i\a' work of ri'l’in'mict' on nndaniorphism, and in 
ions ])nl»lical ions by him and liis assisianls, I>ayl('y, 
imnds, litdlh, and oilicrs. '^ria* work of lln* (Canadian 
loj-dsls, and oi' Kemm (kisliin.ti;, Smylli and Milhvr in 
Atlirondack rt\ivion, shonld also Ixi nnndiontal in c.oii- 
l.iou wilh I his (itdd ol‘ p(‘trt)lojL»‘y. 

AmtlffsrH of Jioch'H, 

( lias btMMi prt'vionsly ])oini.cd ont lliat, as iln^ st^Kmcn 
|ndiado;i»;y clnmdcal. inv(‘s( iya( ions of rocks In 

k wert' nndtndakcn. dMit' objecl. of sm‘li analyst‘s was 
t)blain on tin* om* l)and a bthbn* ta)nlrol n^n*I* lln^ 
i(‘ral coniposilion and on Ihi' ollun’ (o |i>'aiii an idtni oT 
nainrt' ol' llu^ maipnas from which i,‘;’nct)ns rotdes liatl 
mcd. MMic (‘arlitast analysis of an Anun'ican rock of 
c.h 1 can lind rts'ord is of a wat’ktd' by J. W. Wt'bsttw 
tni in 1lu‘ (irst volmm^ of (lu^ .lournal, pJi‘;*c ISIS. 
)iirini»’ lli(‘ next ^10 yeai’s a lew occasional analyst's 
*(‘ nmit’rftdvtm liy Amt*ri(\‘in chemisis, by ( t ^1\ .Jac.kson, 
SIt'rry llirnl, ami oth(*rs. Iii lS(il, Justus Ilt)th ])iib- 
i(‘d Ihi* lii’st t'tlilitm of his d'abt'lhm, in whlc.li In^ 
Intltxl all analyses whit'h bad Irani math', lo that datt^ 
I which lit' c.oasidei’t'd wto’t^ worthy ol’ prt'st'rvatitni. 
houi*;h, nalnrally, from ilu‘ slalns of analytical clunn- 
*y up it) that iinu‘, most t)!’ ilu'St' wonltl now bt' c.on- 
t‘rt‘tl i*afht‘r c.riidt', iht^ jaibllcation ol' (In* work was of 
lit stu’vic.t' anti markt'd an t‘])t)c.h in “*tu)t*.heniisl ry. In 
s(‘ lal)l<^s l?.o(.h lists Fonr analyst's of American ia’imons 
ks, Iwo From tlu^ Lakt^ Supt'ritjr i’t\i>'ion by tfatdcsoii 
I J. 1). Whitney and twt) by Mnrt)])('an clu'mists, om^ oF 
tnn was Ibinst'n. Tho nuitt'rial oF the Itist iwo was u 


oierru i\evaaa oeiweon oo ana ■■ wnicn was proD- 
ably considered quite ]preeise for western America in 
those days. 

From these feeble beginnings the forward progress of 
petrology on the chemical side in this country has been 
a steady one until its development has reached the point 
which will be indicated in what follows. 

The collection of material by the various State surveys 
and by those initiated by the National Government led to 
an increasing number of rocks being analyzed during the 
petrographic period. These became also increasingly 
good in quality, like those published by G. W. Hawes in 
his papers. When, howe^'cr, chemists were appointed to 
definite positions on the stall’s of the Government surveys 
and especially when, after the organization of the U. S. 
Geological Survey in 1879, a general central laboratory 
was founded in 1883 with F. W. Clarke in charge, 
then a new era in the chemical investigation of roclcs may 
be said to have started. In this connection should be 
mentioned the work of W. F. Ilillebrand, who set a stand- 
ard of accuracy and detail in rock analysis wliieh had not 
hitherto been attempted. As a consequence of his accu- 
rate and thorough methods and results the mass of 
analyses performed by him and his fellow chemists in 
this lalioratory affords us the greatest single contribu- 
tion to chemical petrology wliieh has been made. Ui) to 
January, 1914, the report of Clarke^" lists some 8000 
analyses of various kinds made in this laboratory for 
geologic purposes. Nearly everywhere also a, great 
improvement in the quality of rock-analyses is to bo 
noted, and in the manuals of Hillebrand*'' and Wasliing- 
ton'*‘ the rock analyst has now at his command the 
methods of a greatly perfected technique which should 
insure him tlie best results. 

Roth’s Tabellen have been previously mentioned; sev- 
eral supplements were published, but after his death a 
long interval elapsed before this convenient and useful 
work was again taken up by Washington.'*''’ and Osann.'*** 
A new edition of Washington’s Tables has recently been 
published, listing some 8G00 analyses of igneous rocks 
made up to the close of 1913.''”’ 


into i;‘('(aoi*y, (no inv(‘s( li^'nlor of lo-duy avUI (hid a mass 
vf. luosl. us(‘ltil iiiid ii (Huu’ii 1 (1 (liilji wi'li clisdUHSod. ill tlic 
inoilcru n'pn'si'iiliiiivd oi r’,is(‘,lioi:’a (ihomie:!! Geology— 
OIurke’H Ihila ol' G(M)elieinist.ry/‘'* The advance on the 
cluvniical suh', IIkm'i'I or(>, liaa licuai (|uil,{! coimnonsurato 
with that in ilu' uri('r()S(i()i)(! a.s an instrument, and in the 
roHiilts ohtaiiuul hy it. 


Thf/slro-C/umt leaf. Work. 

'[I’lio study of geologic, at results hy experimental 
methods, whic.h should gain iid'ormatiou' concerning the 
pvoccHHc^s by whicli those results are caused, and the con- 
cVitiouK umh'r which they o|)erate, has been from the 
oarlicst days of Ihe developing sciimce recognized as 
most iin|)oi'laiit, and the rcc,ord of the litei'ature sliows 
considerable was d(»iie in this direiition. jOx[)(!riniental 
work in iiioderii pelrology may, liowevm-, he considered 
to date from IS.SU when l''ou<(ue and Micluil-Levy'''’ puh- 
liBlicd (lui r('SuUs of llieir (uvlcnsivi^ researciies on the 
syndiesis (d' iniiu'rals and rocks liy jiyrogenous methods. 
ll'Iie brilliaid. experiiiuuds of the hhauich ])(d,i‘ologists at 
once attraclcd allenlion, and sinc.e lhat time a consid- 
erable volume of valuabh^ work has been done in this 
nold by a numlier ol' men, among whom may lie nicn- 
tioiu'd M orozewic/,,'" Doeller," d'anmian,''- and Mcnnier.''* 
As ibis work eonlimied the n'sults of the rajiid adi'anccs 
made in physical ehemislry Iiegan to lie a])plied in this 
■fadd wilh increasing valinu 'I'o J. 11, If. Vogt we owe a 
valuahle S(‘rics of papiM's,'' in which the formation of 
minerals and rocks from magmas is treated from this 
Btandiioiid. Most importaid of all for the future of 
jH'lrology has bi'cn llu' founding in Washington of the 
Hph'udid research insiil.ulion, the (hirnegie Geoyihysical 
I'laboratory, under the Icadiu’ship of Dr. A, D. Day with 
its c.oriiH of trained jiliysieisls, clu'mists and yietrologists, 
devoted to the solving of the iirohh'ms which the yirogri'ss 
of geological scienci' raises, d'lie ymlilications of ihi,s 
insliltdion (many of them pidilished in the Journal) are 
too nnnu'rons to be nienlioiied here; many of them 
treat successfully of matters of tlie greatest irnportancG 
in iK'troIogy. d’his is an earuest of what we may hope in 


oierici iNtiVciucL uuLvvtjeii oo tiiia vviiicii was prou- 

ablj'' considered quite precise for western America in 
those daj's. 

From these feeble beginnings the forward progress of 
petrology on the chemical side in this country has been 
a steady one until its development has reached tlie point 
which will be indicated in what follows. 

The collection of material by the various State surveys 
and by those initiated by the National Government led to 
an inci’casing number of rocks being analyzed during the 
petrographic period. These became also increasingly 
good in quality, like those published by G. W. Hawes in 
his papers. When, howev'cr, chemists were appointed to 
definite positions on the staffs of the Government surveys 
and especially when, after the organization of the U. S. 
Geological Survey in 1879, a general central laboratory 
was founded in 1883 with F. W. Clarke in charge, 
then a ueAV era in the chemical investigation of rocks may 
be said to have started. In tliis connection should be 
mentioned the work of W. F. riillebrand, who sot a stand- 
ard of accuracy and detail in rock analysis which had not 
hitherto been attempted. As a consequence of his accu- 
rate and thorough methods and results the mass of 
analyses performed by him and his fellow eliomists in 
this laboratory affords us the greatest single contribu- 
tion to chemical petrology which has been made. Up to 
January, 1914, the report of Clarke'’- lists some 8000 
analyses of various kinds made in this laboratory for 
geologic purposes. Nearly everywhere also a groat 
improvement in the quality of rock-analyses is to he 
noted, and in the manuals of liillebrand'''’’ and A¥aahing- 
ton** the rock analyst has now at his command the 
methods of a greatly perfected technique which should 
insure him the best results. 

Eoth’s Tabellcn have been previously mentioned; sev- 
eral supplements were published, hut after his death a 
long interval elapsed before this convenient and useful 
work was again taken up by ‘Washington'”'’ and Osann.’’“ 
A new edition of AVashington’s Tables has recently been 
published, listing some 8000 analyses of igneous rocks 
made up to the close of 1913.''’'’' 


nto geology, the investigator of to-day will find a mass 
)f most useful and accurate data well discussed in the 
nodern representative of Bischof’s Chemical Geology— 
iUlarke’s Data of Geochemistry.^® The advance on° the 
diemical side, therefore, has been quite commensurate 
vith that in the microscope as an instrument, and in the 
'esults obtained by it. 

Physico-Chemical Work, 

The study of geological results by experimental 
nethods, which should gain information concerning the 
processes by which those results are caused, and the con- 
ditions under Avhieh tliey operate, has been from the 
earliest days of the developing science recognized as 
aiost important, and the record of the literature shows 
3onsiderable was done in this direction. Experimental 
work in modern petrology may, however, be considered 
to date from 1882 when Fouque and Miehel-Levy®“ pub- 
lished the results of their extensive researches on the 
synthesis of minerals and rocks by pyrogenous methods. 
The brilliant experiments of the French petrologists at 
once attracted attention, and since that time a consid- 
erable volume of valuable work has been done in this 
field by a number of men, among whom may be men- 
tioned Morozcwicz,'*® Docltcr,'*' Tamman,"*- and Meunier.'''’ 
As this work contumed the results of the rapid advances 
made in physical chemistry began to be applied in this 
field with increasing A'alue. To J. H. L. Vogt rve owe a 
valuable series of papers, in Avhich the formation of 
minerals and rocks from magmas is treated from this 
standpoint. Most important of all for the future of 
petrology has been tlio founding in Washington of the 
splcndicl research institution, the Carnegie Geophysical 
Laboratory, under the leadership of Dr. A. L. Day with 
its corps of trained physicists, chemists and petrologists, 
devoted to the sohdng of the problems which the progress 
of geological science raises. The publications of this 
institution (many of them published in the Journal) are 
too numerous to be mentioned here; inany of them 
treat successfully of matters of the greatest importance 
in pctrologJ^ This is an earnest of what we may hope in 


cnuiiiictii uciLu, wiucu IS iLs aim, will sm vu cis a iiecessary 
chock to hj'potlietical speculation and bring petrology, 
and especially petrogeiiesis, in lino with the other move 
exact sciences by furnishing quantitative foundations for 
its structure of theory to rest upon. 

While the achievements of this great organization seem 
to minimize the work of the individual investigator in 
this field, he may take heart by observing the important 
results on the strength of rocks under various condi- 
tions wfiiich have been obtained by Adams in recent years, 
data of wide application in tlieoretical geology. In this 
field also a special text has appeared in which the prin- 
ciples and acquired data are given.'” 

Summary, 

In this brief retrospect, giving only the barest outlines 
and omitting from necessity much of importance, we have 
seen petrology grow from occasional crude experiments 
into a fully organized science in the last half century. It 
has to-day a well-perfected technique, a largo volume 
of literature, texts treating’ of general principles, of 
methods of work, descriptive handbooks on the morph- 
ological side, and has attained genei-al recognition as a 
field, which, though not large, is worthy of the concen- 
tration of intellectual endeavor. Like other healthy 
growing organisms it has given rise to offshoots, and the 
sciences of metallography and of the micro-study of 
ore deposits, which are rapidly assuming form, have 
branched from it. 

What of the future'? The old days of mostly descrip- 
tive work, and of theorizing’ purely from observed results, 
have passed. The science has entered upon the stage 
where work and theory must be continually brought into 
agreement with chemical, physical and mathematical 
laws and data, and in the application of these new prob- 
lems present themselves. As we climb, in fact, new hor- 
izons open to our view indicating fresh regions for 
exploration, for acquiring human knowledge and for 
our satisfaction. 
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VIII 

THE GROWTH OF MINERALOGY FROM 
1818 TO 1918 

By WILLIAM E. FORO 

M ineralogy to-day woiilcl certainly be generally 
considered one of tlic minor members of the 
group of the Geological Sciences. 'VVo commonly 
look upon it in the light of an useful handmaiden, whose 
chief function is to serve the other branches, and we are 
inclined to forget that, in reality ,_rnincralogy was the first 
to be recognized and, with considerable truth, might be 
claimed as the mother of all the others. Minerals, 
because of their frequent beauty of color and form, and 
their uses as gems and as ornamental stones, were the 
first inorganic objects to excite wonder and conmumt and 
we find many of them named and described in very early 
writings. Theophrastus (363-284 B. C.), a famous pupil 
of Aristotle, wrote a treatise “On Stones” in which ho 
collected a large amount of information about minerals 
and fossils. The elder Pliny (23-79 A. D.), more than 
three centuries later, in his Natural History, described 
and named many of the commoner minerals. At this time 
it was natural that no clear distinction should bo drawn 
betAveen minerals and rocks, or oa^ou between minerals 
and fossils. As long as all study of the materials of the 
earth’s crust Avas concerned Avith their superficial char- 
acters, it Avas logical to include cvcrythiiAg under the 
siiAglo head. There AAmro some Avriters in the early cen- 
turies of the Christian era, hoAvever, Avho belioAXid that 
fossils had been deriA’od from liAdng animals but the 
majority considered them to be only strange and unusual 
forms of minerals. During many succeeding centuries 
little Avas added to the general store of geological knoAvl- 
edg'c and it Avas not until the beginning of the sixteenth 



Liry, mm niiy luruiLU' iiuitiuiu was iiiaae. 

Lcola (1494-1555) was a physician, who, for a time, 

I in the luinhig district of Joachimstal. He studied 
described the minerals that he collected there. He 
the first to givcj careful and critical descriptions of 
u'als, of their crystals and general physical proper- 
Unfortunately, ho also did not realize the fnnda- 
tal distinction between fossils and minerals, and 
)ably because of his influence this error persisted, 

L until the middle of the eighteenth century. But, 
.rally, a.s the number of scientific students increased, 
number of those who rojoeted this conclusion grew, 

I at lust, the true character of fossils was established. 

keen intcu’cst in minerals and fossils which was 
ised by this controversy, together with the rapid 
nsion of mining operations, drew the attention of 
iitific men f,o other features of the earth’s surface 
led to a more extended investigation of its characters 
thus to the dovclopnieid: of geology proper. It is 
resting to note also that mineralogy was the first of 
(leological Sciences to bo officially recognized and 
’•ht by the universities. 

Ithough, as has been shown, the beginnings of min- 
ogy lie in the remote jiast, the science, as we know it 
ay, can bo said to have had i^ractically its whole 
ivth during the last one hundred years. Of the more 
i one thousand mineral species that may now be con- 
ircd as definitely established hardly more than two 
drod wore known, in the year .1.800 and those wore only 
tially desci’ibed or understood. It is true that liafiy, 
“father of crystallography,” had before this date dis- 
2 rcd and formulated the laws of crystal symmetry, 
had shown that rational relations existed between 
intorc(!pts upon the axes of the different faces of a 
dal. It was not until 1809, however, that Wollaston 
3ribcd the first form of a reflecting goniometer, and 
3 made possible the beginning of exact investigation 
(rystals. The distinctions between the different crys- 
groups were developed by Bernhardi, Weiss and Mohs 
>vecn the years 1807 and 1820, while the Naumann 
tem of crystal symbols was not proposed until 1826. 
) fact that doubly refracting minerals also polarize 
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VIII 

THE GROWTH OF MINERALOGY FROM 
1818 TO 1918 

By WILLIAM E. FORD 

M ineralogy to-day would certainly be generally 
considered one of tlic minor members of the 
group of the Geological Sciences. We commonly 
look upon it in the light of an useful handmaiden, whoso 
chief function is to serve the other branches, and we are 
inclined to forget that, in reality, mineralogy was the first 
to be recognized and, with considerable truth, might be 
claimed as the mother of all the others. Minerals, 
because of their frequent beauty of color and form, and 
their uses as gems and as ornamental stones, were tlie 
first inorganic objects to excite wonder and comment and 
we find many of them named and described in very early 
writings. Theophrastus (3GS-284 B. 0.), a famous pupil 
of Aristotle, wrote a treatise “On Stones” in which he 
collected a large amount of information about minerals 
and fossils. The older Pliny (23-79 A. D.), more than 
three centuries later, in his Natural History, described 
and named many of the commoner minerals. At this time 
it was natural that no clear distinction should bo drawn 
between minerals and rocks, nr even betAveea minerals 
and fossils. As long as all study of the materials of tlio 
earth’s crust was concerned Avith their superfictial char- 
acters, it Avas logical to include everything under the 
single head. There Avere some Avriters in the early cen- 
turies of the Christian era, lioAvever, avIio beli('.ved that 
fossils had been derived from liAung animals hut the 
majority considered them to be only strange and unusual 
forms of minerals. During many succeeding centuries 
little Avas added to the general store of g’eolog’ical knoAvl- 
edgo and it Avas not until the beginning of the sixteenth 



ury, luiiU. any iutuum; aiouuiia progress was made, 
ie.ola {Mi)-l-ir)r)r)) was a ijliysician, who, for a time, 

I iu the in'miiig disiric.t of .lojvolumstal. Ho studied 
(U'serilxMl ilu' mhu'rnls that he collected there. Pie 
(ho lirst lo g'iv(^ carcd'ul and critical descriptions of 
:M’al.s, of ihoi!' (iryslals and ginim-al physical proper- 
Unforlnnately, lui also did not realize the funcla- 
tj>l distiucl.ion hc'twet'u fossils and minerals, and 
lahly hccausc! of his iiidaeiKie this error persisted, 
i until (ho iniddh; of the eighteenl.h century. But, 
irally, as llu' numlxn- of seimitilic students increased, 
Muiuhor of thoHci who rejected tliis conclusion grew, 

I at last, tlui tnu' chai’actor of fossils was estahlished. 

koon iul.orest in minerals and fossils which was 
iH('d liy (his coid.rovtu'sy, togethe)- with the rapid 
iiision of mining o])(>rations, drew the attention of 
ntific, nam to oilier features of the earth’s surface 
li'd to ainoro oxl.i'iuhul investigation of its characters 
duns to the dovelo])ni('nt of geology proper. It is 
rmstlng to note also that mini'ralogy was the first of 
(Joological He.ieiuu'S to he ollicially recognized and 
^•ht by the univm-sitit'S. 

.1 though, as has boon sliown, tlio beginnings of min- 
logy lie in. the remote past, the science, as we know it 
lay, can be said to have had xiractically its whole 
wtli during the last one hundred years. Of the more 
n one thousand mineral species that may now be con- 
•i.'cd as d(v(init(.ily (istablished hardly more than two 
idrod were known in the year 1800 and these were only 
tially described or understood. It is true that liaiiy, 
“father of cry.stallography,” ha.d before this date dis- 
crod and formubilx'd the 'laws of crystal symmetry, 

1 had shown that rational relations existed between 
intorce})ts upon the axes of tho different faces of a 
stab It was not vmtil bSOO, however, that Wollaston 
cribed the first form of a reflecting goniometer, and 
H niado possible the beginning of exact investigation 
u'ystals. The distinctions between tho different crys- 
pfroups were doveloyied hy Bernhardi, Weiss and Mohs 
woon the years 1807 and 1820, while the Nanmann 
torn of crystal symhols was not proposed until 1826. 
0 fact that douhly refracting minerals also polarize 
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THE HROWTH OF MINERALOOV FHOM 
1818 TO 1918 

By WILLIAM E. POKB 

M ineralogy to-day would certainly be s’enevally 
considered one of tlio minor ineinbci's of the 
group of the Geological Sciences. We connnoiily 
look upon it in the light of an useful handmaiden, whose 
chief function is to serve the other branches, and avc are 
inclined to forget that, in reality, mineralogy was the lirst 
to be recognized and, Avith considerable truth, might be 
claimed as the mother of all the others. Minerals, 
because of their frequent beauty of color and form, and 
their uses as gems and as ornamental stones, Aveve the 
first inorganic objects to excite Avonder and comment and 
AVC find many of them named and doscrilnal in veiy early 
Avritings. Theophrastus (fUiS-^SI B. (1), a famous ])U])il 
of Aristotle, Avrote a treatise “On Stones” in Avhich ho 
collected a large amount of information about mimu’als 
and fossils. The elder Pliny (211-79 A. 1).), more than 
three centni’ios later, in his Natural History, ch'seribed 
and named nuiny of tlin commoner minerals. vVt this time 
it AA'as natural that no clear distiuctiou should be draAvn 
betAveen minerals and rocks, or eAum Indwtam minerals 
and fossils. As long as all study of the materials of tlui 
earth’s crust Avas concerned Avilh tlnur superlieial char- 
acter.s, it Av^as logdeal to include cA-mrything umhvr the 
single head. There wore some Avriters in Ihe (airly cen- 
turies of the Christian era, lioAVOAn'r, avIio b('lieve(l that 
fossils had bi'on deriA'cd from living animals but the 
inajoi ity cons idc'i'od llunn to be only strang’e and unu.sual 
forms of mium-als. During many succeialiag cenlurie.s 
little Avas ;uid('d to the general store of geological knoAvl- 
edge UTid It Wtis not luilil tlio ol; tbo slxtooiith 
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L-icola (1494-1555) was a physician, who, for a time, 
id in the mining district of Joachimstal. He studied 
[ described the minerals that he collected there. Ho 
5 the first to give careful and critical descriptions of 
lerals, of their crystals and general physical proper- 
i. Unfortunateljr, ho also did not realize the fuuda- 
atal distinctioir between fossils and minerals, and 
•bably because of his influence this error persisted, 
n until the middle of the eighteenth century. But, 
urally, as the number of scientific students increased, 
number of those who rejected this conclusion grew, 
;il at last, the true character of fossils was established. 

0 keen interest in minerals and fossils which was 
lused by this controversy, together with thq rapid 
ension of mining operations, drew the attention of 
entific men to other features of the earth’s surface 

1 led to a more extended investigation of its characters 
1 thus to the development of geology proper. It is 
eresting to note also that mineralogy was the first of 
1 G-eological Sciences to be officially recognized and 
Lglit by the universities. 

Although, as has been shown, the beginnings of min- 
ilogy lie in the remote past, the science, as we know it 
day, can be said to have had practically its whole 
iwth during the last one hundred years. Of the more 
in one thousand mineral species that may noAV be con- 
lered as definitely established hardly more than two 
ndred were known in the year 1800 and these were only 
rtially described or understood. It is true that Haiiy, 
i “father of crystallography,” had before this date dis- 
/ered and formulated the laws of crystal symmetry, 
d had shown that rational relations existed between 
3 intercepts upon the axes of the different faces of a 
i^stal. It was not until 1809, however, that Wollaston 
scribed the first form of a reflecting goniometer, and 
.IS made possible the beginning of exact investigation 
crystals. The distinctions between the different crys- 
' groups were developed by Bernhardi, Weiss and Mohs 
tween the years 1807 and 1820, while the Naumann 
stem of crystal symbols was not proposed until 1826. 
le fact that doubly refracting minerals also polarize 
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Brewster first recognized the optical differences between 
uniaxial and biaxial minerals. The modern science of 
chemistry was also just beginning to develop at this 
period, enabling mineralogists to make analyses more 
and more accurately and thus by chemical means to 
establish the true character of minerals, and to properly 
classify them. 

Franz von Kobell, on page 372 of his “Geschichtc dor 
Mineralogie,” somewhat poetically describes the condi- 
dition of the science at this period as follows : “With the 
end of the eighteenth and the commencement of the nine- 
teenth centuries exact investigations in mineralogy first 
began. The mineralogist was no longer content with 
approximate descriiDtions of minerals, but strove rather 
to separate the essential facts from those that were acci- 
dental, to discover definite laws, and to learn the rela- 
tions between the physical and chemical characters of a 
mineral. The use of mathematics gave a new aspect to 
crystallography, and the development of the optical 
relationships opened a magnificent field of wonderful 
phenomena which can be described as a garden gay with 
flowers of light, charming in themselves and interesting 
in their relations to the forces which guide and govern the 
regular structure of matter.” 

In the Medical Eepository (vol. 2, p. 114, New York, 
1799) , there occurs the following notice : ‘ ‘ Since the pub- 
lication of the last number of the Repository an Associa- 
tion has been formed in the city of Ncav York Yor the 
investigation of the Mineral and Fossil bodies which com- 
pose the fabric of the Globe; and, more especially, for 
the Natural and Chemical History of the Minerals and 
Fossils of the United States,’ by the name and style 
of The American Mineralogical Society.” With this 
announcement is given an advertisement in wliich the 
society “earnestly solicits the citizens of the United 
States to communicate to them, on all mineralogical sub- 
jects, but especially on the following; 1, concerning 
stones suitable for gun flints ; 2, concerning native brim- 
stone or sulphur ; 3, concerning salt-petre ; 4, concerning 
mines and ores of lead.” Further the society asks “that 


specimens oi aii kinds be sent to it tor examination and 
determination. ’ ’ 

This marks apparently the beginning of the serious 
study of the science of mineralogy in the United States. 
From this time on, articles on mineralogical topics 
appeared with increasing frequency in the Medical 
Repository. Most of these were brief and were largely 
concerned with the description of the general characters 
and inodes of occurrence of various minerals. Nothing 
of much moment from the scientific point of view 
appeared until many years later, but the growing inter- 
e.st in things mineralogical ivas clearly manifest. An 
important stimulus to this increasing knowledge and dis- 
cussion was furnished by Col. George Gibbs who, about 
the year 1808, brought to this country a large and notable 
mineral collection. In the Medical Repository (vol. 11, 
p. 213, 1808), is found a notice of this collection, a portion 
of which is reproduced below: 

“Gibbs’ grand Collection of Minerals. 

One of the most zealous cultivators of mineralogy in tbe 
United States is Col. G. Gibbs of Rliode Island and his taste and 
his fortune have concurred in making him the proprietor of tlie 
most extensive and valuable assortment of minerals that prob- 
ably exists in America. 

This rich collection consists of the cabinets possessed by the 
late Mons. Gigot D’Orey of Paris and the Count Gregoire de 
Eozamonslcy, a Russian nobleman, long resident in Switzerland. 
To which the present proprietor has added a numbex', either 
gathered by himself on the spot, or purchased in different parts 
of Europe . . . The whole consists of about twenty tliousaud 
specimens. A small part of this collection was opened to 
araateui’s at Rhode Island, the last summer, and the next, if 
circumstances permit, the remainder will be exposed.” 

In 1802 Benjamin Silliman was appointed professor of 
chemistry and mineralogy in Yale College. After the 
Gibbs Collection was brought to America he spent much 
•time with the owner in studying it and, as a result, Col. 
Gibbs offered to place the collection on exhibition in New 
Plaven if suitable quarters would be furnisbed by tbe col- 
lege. This was quickly accomplished and in 1810, 1811 
and 1812 the collection was transferred to New Haven. 



Brewster first recognized the optical differences between 
uniaxial and biaxial minerals. The modern science of 
chemistry was also just beginning to develop at this 
period, enabling mineralogists to make analyses more 
and more accurately and thus by chemical means to 
establish the true character of minerals, and to properly 
classify them. 

Franz von Kobell, on page 372 of his “Geschichte der 
Mineralogie,” somewhat poetically describes the condi- 
dition of the science at this period as follows : “With the 
end of the eighteenth and the commencement of the nine- 
teenth centuries exact investigations in mineralogy first 
began. The mineralogist was no longer content with 
approximate descriptions of minerals, but strove rather 
to separate the essential facts from those that were acci- 
dental, to discover definite laws, and to learn the rela- 
tions between the physical and chemical characters of a 
mineral. The use of mathematics gave a new asi^ect to 
crystallography, and the development of the optical 
relationships opened a magnificent field of wonderful 
phenomena which can be described as a garden gay with 
flowers of light, charming in themselves and interesting 
in their relations to the forces which guide and govern the 
regular structure of matter. ’ ’ 

In the Medical Eepository (vol. 2, p. 114, New York, 
1799) , there occurs the following notice : ‘ ‘ Since the pub- 
lication of the last number of the Repository an Associa- 
tion has been formed in the city of New York ‘for the 
investigation of the Mineral and Fossil bodies which com- 
pose the fabric of the Globe; and, more especially, for 
the Natural and Chemical History of the Minerals and 
Fossils of the United States,’ by the name and stylo 
of The American Mineralogical Society.” With this 
announcement is given an advertisement in which the 
society “earnestly solicits the citizens of the United 
States to communicate to them, on all mineralogical sub- 
jects, but especially on the following: 1, concerning 
stones suitable for gun flints ; 2, concerning native brim- 
stone or sulphur ; 3, concerning salt-petre ; 4, concerning 
mines and ores of lead. ” Further the society asks “that 


pecimens oi an Kinas De sent to it tor examination ana 
etermination. ’ ’ 

This marks apparently the beginning of the serious 
tudy of the science of mineralogy in the United States, 
’rom this time on, articles on mineralogieal topics 
ppeared with increasing frequency in the Medical 
depository. Most of these were brief and were largely 
ancerned with the description of the general characters 
nd modes of occurrence of various minerals. Nothing 
f much moment from the scientific point of view 
ppeared until many years later, but the growing inter- 
st in things mineralogieal was clearly manifest. An 
nportant stimulus to this increasing knowledge and dis- 
ussion was furnished by Col. George Gibbs who, about 
le year 1808, brought to this country a large and notable 
lineral collection. In the Medical Repository (vol. 11, 
. 213, 1808), is found a notice of this collection, a portion 
f which is reproduced below: 

“Gibbs’ grand Collection of Minerals. 

One of the most zealous cultivators of mineralogy In the 
(uited States is Col. G. Gibbs of Rhode Island and Ills taste and 
is fortune have concurred in making him the proprietor of the 
lost extensive and valuable assortment of minerals that prob- 
bly exists in America. 

This rich collection consists of the cabinets possessed by the 
ite Mons. Gigot D’Orey of Paris and the Count Grogoire de 
lozamousky, a Russian nobleman, long resident in Switzerland, 
'o which the present proprietor has added a number, either 
athered by himself on the spot, or purchased in different parts 
f Europe . . . The whole consists of about twenty tboiisaud 
pecimens. A small part of this collection was opened to 
inateurs at Rhode Island, the last summer, and the next, if 
ircumstances permit, the remainder will be exposed.” 

In 1802 Benjamin Silliman was appointed professor of 
liemistry and mineralogy in Yale College. After tbe 
ribbs Collection was brought to America he spent much 
me with the owner in studying it and, as a result. Col. 
ribbs offered to place the collection on exhibition in New 
Eaven if suitable quarters would be furnished by the eol- 
!ge. This was quickly accomplished and in 1810, 1811 
nd 1812 the collection was transferred to New Haven 


1825, it -was purchased by Yale aud served as the nucleus 
about which the present Museum collection of the Univer- 
sity has been formed. There is no doubt but that the 
presence at this early date of this large and unusual min- 
eral collection had a great influence upon the develop- 
ment of mineralogical science at Yale, and in the country 
at large. 

In the year 1810 Dr. Archibald Bruce started the 
“American Mineralogical Journal,” the title page of 
which reads in part as follows : ‘ ‘ The Amei'ican Mineral- 
ogical Journal, being a Collection of Facts and Observa- 
tions tending to elucidate the Mineralogy and Geology of 
the United States of America, together with other Infor- 
mation relating to Mineralogy, Geology and Chemistry, 
derived from Scientific Sources,” Unfortunately the 
health of Dr. Bruce failed, and the journal lasted only 
through its first volume. It had, however, “been most 
favorably received,” as Silliman remarks, and it was felt 
that another journal of a similar type should be insti- 
tuted. Such a suggestion was made by Col. Gibbs to 
Professor Silliman in 1817 and this led directly to the 
founding of the American Journal of Science in 1818 
under the latter’s editorshiiD. Although the field of the 
Journal at the very beginning was made broad and inclu- 
sive it has always published many articles on mineralog- 
ical subjects. Three of its editors-in-chief have been 
eminent mineralogists, and without question it has been 
the most important single force in the development of 
this science in the country. More than 800 well-estab- 
lished mineral species have been described since the year 
1800, of which approximately 150 have been from Amer- 
ican sources. More than two-thirds of the articles 
describing these new American minerals have first 
appeared in the pages of the Journal. While the 
description of new species is not always the most import- 
ant part of mineralogical investigation, still these fig- 
ures serve to show the large part that the Journal has 
played in the growth of American mineralogy. 

It is convenient to review the progress in Mineralogy 
according to the divisions formed by the different scries, 
consisting of fifty volumes each, in which the Journal has 
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been published. These divisions curiously enough will 
be found to correspond closely to four quite definite 
phases through which mineralogical investigation in 
America has passed. The first scries covered the years 
from 1817 to 1845. In looking through these volumes 
one finds a large number of mineralogical articles, the 
work of many contributors. The great majority of these 
papers are purely descriptive in character, frequently 
giving only general accounts of the mineral occurrences 
of particular regions. lioAvever, a number of articles 
dealing with more detailed physical and chemical descrip- 
tions of rare or new species also belong in this period. 
Among the mineralogists engaged at this time in the 
description of individual species, none was more inde- 
fatigable than Charles U. "Shepard. He was graduated 
from Amherst College in 1824, at the age of twenty. In 
1827 he became assistant to Professor Silliman in New 
Haven, continuing in this position for four years. Later 
he was a lecturer in natural history at Yale, and was at 
various times connected with Amherst College and the 
South Carolina Medical College at Charleston. His 
articles on mineralogy were very numerous. He assigned 
a large number of new names to minerals, although with 
the exception of some half dozen cases, these have later 
been shown to be varieties of minerals already known and 
described, rather than new species. In spite, however, of 
his frequent hasty and inaccurate decision as to the char- 
acter of a mineral, his influence on the progress of 
mineralogy was marked. His great enthusiasm and 
ceaseless industry throughout a long life could not help 
but make a definite contribution to the science. His 
“Treatise on Mineralogy” will be spoken of in a later 
paragraph. He died in May, 1886, having published his 
last paper in the Journal in the previous September. 

The first book on mineralogy published in America was 
that by Parker Cleaveland, professor of mathematics, nat- 
ural philosophy, chemistry and mineralogy in Bowdoin 
College. The first edition was printed in 1816 and an 
exhaustive notice is given in the first volume of the Jour- 
nal (1, 35, 308, 1818) ; a second edition followed in 1822. 
In his preface Cleaveland gives an interesting discussion 
concerning the two opposing European methods of elassi- 
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lying minerals, j-ue u-ermaa souuei, itju uy wuintir, 
classified minerals according to their external characters 
while the French school, following Haiiy, put the empha- 
sis on tlie “true coinposition. ” Cleaveland remarks that 
“the German school seems to be most distinguished by a 
technical and minutely descriptive language; and the 
French, by the use of accurate and scientific principles in 
the classification or arrangement of minerals.” He, 
himself, tried to combine in a measure the two methods, 
basing the fundamental divisions upon the chemical com- 
position and using the accurate description of the physi- 
cal properties to distinguish similar species and varieties 
from each other. 

Cleaveland ’s mineralogy was followed nearly twenty 
years later by the Treatise on Mineralogy by Charles 
U. Shepard already mentioned. The first part of this 
book was published in 1832. This contained chiefly an 
account of the natural history classification of minerals 
according to the general plan adopted by Mohs, the 
Austrian mineralogist. The second part of the iDook, 
which appeared in 1835, gave the description of indi- 
vidual species, the arrangement here being an alpha- 
betical one throughout. Subsequent editions appeared 
in 1844, 1852 and 1857. 

James Dwight Dana was graduated from Yale College 
in 1833 at the age of twenty. Four years later (1837) he 
published ‘ ‘ The System of Mineralogy, ’ ’ a volume of 580 
pages. The appearance of this book was an event of 
surpassing importance in the development of the science. 
The book, of course, depended largely upon the previous 
works of Haiiy, Mohs, Naumann and other European 
mineralogists, but was in no sense merely a compilation 
from them. Dana, particularly in his discussion of 
mathematical crystallography, showed much original 
thought. He also proved his originality by proposing 
and using an elaborate system of classification patterned 
after those already in use in the sciences of botany tmd 
zoology. He later became convinced of the undesira- 
bility of this method of classification and abandoned it 
entirely in the fourth edition of the System, published in 
1854, substituting for it the chemical classification which, 
in its essential features, is in general use to-day. The 
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classified minerals according to their external characters 
while the French school, following Hafiy, put the empha- 
sis on the “true composition.” Cleaveland remarks that 
“the German school seems to be most distinguished by a 
technical and minutely descriptive language; and the 
French, by the use of accurate and scientific principles in 
the classification or arrangement of minerals.” He, 
himself, tried to combine in a measure the two methods, 
basing the fundamental divisions upon the chemical com- 
IDOsition and using the accurate description of the physi- 
cal properties to distinguish similar species and varieties 
from each other. 

Cleaveland ’s mineralogy was followed nearly twenty 
years later by the Treatise on Mineralogy by Charles 
U. Shepard already mentioned. The first part of this 
book was published in 1832. This contained chiefly an 
account of the natural history classification of minerals 
according to the general plan adopted by Mohs, the 
Austrian mineralogist. The second part of the book, 
which appeared in 1835, gave the description of indi- 
vidual species, the arrangement here being an alpha- 
betical one throughout. Subsequent editions appeared 
in 1844, 1852 and 1857. 

James Dwight Dana was graduated from Yale College 
in 1833 at the age of twenty. Four years later (1837) he 
published “The System of Mineralogy,” a volume of 580 
pages. The appearance of this book was an event of 
surpassing importance in the development of the science. 
The book, of course, depended largely upon the previous 
works of Haiiy, Mohs, Nauinann and other European 
mineralogists, but was in no sense merely a compilation 
from them. Dana, particularly in his discussion of 
mathematical crystallography, showed much original 
thought. He also proved his originality by proposing 
and using an elaborate system of classification patterned 
after those already in use in the sciences of botany and 
zoology. He later became convinced of the undesira- 
bility of this method of classification and abandoned it 
entirely in the fourth edition of the System, published in 
1854, substituting for it the chemical classification which, 
in its essential features, is in general use to-day. The 
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ontinucd by means of successive editions to be the stand- 
I’d I'efercnce book in the subject. The various editions 
ppearcd as follows: I, 1837; II, 1844; III, 1850; 
V, 1854; V, 1868; VI, 1892 (by Edward S. Dana). 

J. D. Dana also contributed numerous mineralogical 
rticlos to the first series of volumes of the Journal, 
t is interesting to note that they are chiefly concerned 
rith the more theoretical aspects of the subject, in fact 
hey constitute practically the only articles of such a 
haracter that appeared during this period. Among the 
ubjccts treated were crystallographic symbols, forma- 
Lon of twin crystals; pseudomorphism, origin of minerals 
[1 metamorphosed limestones, origin of serpentine, 
lassification of minerals, etc. 

The volumes of the Second Series of the Journal cov- 
red the years from 1846 through 1870. This period was 
haractcrized by great activity in the study of the chcra- 
3al composition of minerals. A number of skilled 
hemists, notably J. Lawrence Smith, George J. Brush 
nd Frederick A. Gcnth, began about 1850 a long series 
f chemical investigations of American minerals. Very 
ew articles during this time paid much attention to the 
hysical properties of the minerals under discussion, 
ractically no description of optical characters was 
ttempted, and only occasionally wore the crystals of a 
lineral mentioned. J. D. Dana was almost the only 
rriter who constantly endeavored to discover the funda- 
lentnl characters and relationships in minerals. He 
riblished many articles in these years which were con- 
erned chiefly with the classification and grouping of 
lincrals, with similarities in the crystal forms of dif- 
erent species, with relations between chemical compo- 
ition and crystal form, chemical formulas, mineral 
omenclaturc, etc. The following titles give an idea of 
he character of the more important series of articles by 
im which belong to this category. On the isomorphism 
nd atomic volume of some minerals (9, 220, 1850) ; vari- 
us notes and articles on horaccomorphism of minerals 
17 , 85, 86, 210, 430; 18 , 35, 131, 1854) ; on a connection 
etween crystalline form and chemical constitution, with 
ome inferences therefrom ( 44 , 89, 252, 398, 1867). 


between 1850 and 1870, a large number or which have con- 
tinued to be well-recognized species. But there was 
also a tendency, which has not wholly disappeared even 
now, to base a mineral determination upon insufficient 
evidence, and to propose a new species with but little 
justification for it. In this connection a quotation from 
the introduction by J. D. Dana to the 3rd Supplement to 
the System of Mineralogy (4th edition) published in the 
Journal (22, page 246, 1856), will be of interest. He 
says: 

“It is a matter of regret, that mineral species are so often 
brouglit out, especially in this country, without sufficient inves- 
tigation and full desci’iption. It is not meeting the just 
demands of the science of mineralogy to say that a mineral has 
probably certain constituents, or to state the composition in a 
general way without a complete and detailed analysis, especially 
when there are no crystallographic characters to afford the 
species a good foundation. We have a right to demand that 
those who name species, should use all the means the science of 
the age admits of, to prove that the species is one that nature 
will own, for only sucli belong to science, and if enough of the 
material has not been found for a good description there is not 
enough to authorize the introduction of a new name in the 
science. The publication of factitious species, in whatever 
department of science, is progrc.ss not towards truth, but into 
regions of error; and often much and long labor is required 
before the science recovers from these backward steps. ’ ’ 

J. Lawrence Smith was born in 1818 and died in 1883. 
He was a graduate of the University of Virginia and of 
the Medical College of Charleston and later spent three 
years studying in Paris. Shortly after the completion 
of his studies he went to Turkey as an advisor to the 
government of that country in connection with the grow- 
ing of cotton there. During this time he investigated the 
emery mines of Asia Minor, and wrote a memoir upon 
them which was later published by the French Academy, 
He served as professor of chemistry in the University of 
Virginia and later held the same chair in the University 
of Illinois. He published a long series of papers on the 
chemical composition of minerals and meteorites, as well 
as on pure chemical subjects. Ainoirg the more notable 
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jerics of papers on the “Reexamination of American 
nerals” (1853) written with the collaboration of 
orge J. Brush, and his “Memoir on Meteorites” 
355). 

Grcorge J. Brush entered on his scientific career at the 
unent when science and scientific methods of research 
re just beginning to be appreciated in this country, 
d he soon became one of the leading pioneers in tho 
)vement. While his half century of active service was 
•gely occupied by administrative duties in connection 
th the Sheffield Scientific School, his interest in min- 
rlogy never flagged.^ His papers on mincralogical snb- 
!ts number aboixt tliirty, all of which wore published in 
5 Journal. These began in 1849, even before his 
a dilation from college, and continued until his last 
per (in collalioration witli S. L. Penfield) apiioarod in 
33. Three of tho early jiapers were written with 
Lawrence Smith as not:ed above. These paiicrs first set 
this country the standard for thorough and accurate 
entific mineral investigation. Later in life ho was 
five in the dei'-olopment of the remarkable mineral 
lality at Branchvlllo, Conn., and, with tho collaboration 
E. S. Dana, published in tho Journal (1878-90) five 
portant articles on its minerals. ''This locality, with tho 
jcption of tho zinc deposits at Franklin Furnace, N. J., 
,s the most romarkablo yet discovered in this country, 
arly forty difbu’ent minerjil species Avero found there, 
which nine (mostly phospliates) worn nmv to science, 
ere has certainly lieon no other series of descriptive 
pers on a mineralogical locality of equal importance 
lilished in this country. 

[n addition to pnlfiisiiing original papers. Brush did 
isidcrablo editorial work in connection Avith the fourth 
354) and fifth (18(58) ediilons of tho System of Mincr- 
>gy and the Appendices to them. His Manual of 
terminativo Mineralogy, with a series of determinative 
lies adapted from Bimilar ones by von Kobell, was first 
blished in 1874. It Avas I’eviaed in 1878 and later 
vritten by S. Tj. Fcnfiold. Ifivis book did much i;o make 
ssiblo tho rapid and accurate determination of mineral 
3cies. Throughout his life, Brush Avas an enthusiastic 


tliat now Lears las iiaiuc. I’erluips, liowover, Jus most 
important contribution to tlio (Livc'lopnu'ut of niim'riilo.ay 
in America lay rather in liis indiuuuui uiioii Lis many 
students. WitL Lis entLusiasm Tor ace, urate and pains- 
taking investigation Le was an_ ins])iralion to all wLo 
came in contact wit.L him and Lis own li('ld and sei(>nc.e 
in general owes mucL to tluit in(lu(‘uc.('. 

Among tLe early minoralogisls in tliis eonutry, wLo 
Averc concerned in tlio cLemieal analyses of iiiinerids, 
none accomplisLed more or L('l.t('r Avoidc tlnm LLaslerick 
A. Gcntli. IIo was Lorn in Ge.rmany in, ilSAl and livcal 
in tliat country until 1S4R, wLen Lo came to tlio ItuiP'd 
States and settled in riiiLuLdpLia. IL; Lad stndi('d in 
various German universitii^s and worked under some oT 
tlio most famous cliemists of tliat time. ’Ilis jiapm's in 
mineralogy numlier morn than seveuty-tiv(>, in I lie great 
majority of wliicli cLemie.al aiialysi's are, givtui. lie imli- 
lisLed fifty-four sueeessh''e. arlicL'S, tin' grealer part of 
Avliieli appeared in tlie Journal, wliicli were eiitilled (kui- 
trilmtiona to Miiu'ralogy. Tn tlit'se lie ga\a' deseriplions 
of more tlian two Liindred dllTerent minerals, most of 
wliicli Avern aeeompauii'd liy analyses, lie deserilied 
more tlian a dozen ne.Av and AW'Il-esl.aLlisLed mineral sjie- 
cies. JTo AAUis especially interested in I Ik* rarer eli'iiieiils 
and many of Lis analyses AVt're of minerals containing 
tliom. Especially interesting aaois Lis Avork Avilli tlie ti'i- 
lurides, the species coloradoite, mi'tonite and e.ala,\'('rito 
being first described Ivy Lim, A long and imporlaiit 
investigation was recorded on Oorundnm, “Tis Alti'ru- 
tions and Associate Minerals,” jniLlislied in (lie, l*ro- 
coodings of tlio Auuu'ican I’liilosopliical Mocie.ty in IH?.') 
(13, 3fil). _ Hr. GentL dic'd in 1S!);}, 

The period from IRfiO until IRTL Avas not A'c'ry iirodiic- 
tivo in mincralogical in\mstigations. The first Ic'ii vol- 
umes of the Tliird Geric'S of the Journal, coAS'riiig tlie 
years lfi71-187(), contained mincralogical article's liy only 
some fifteen different autliors. But from that time on, 
tlio amount of work done and tlie nnniLer of invc'stigators 
gi’GAV rapidly. WitL tliis increase in activity eame also 
a decided cLango m tlio cLaractev of tlie Avork. ddio 
period Lctwoon 1871 and 181)5 can Lo cLaractorlzc'd as ono 
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received more noiirly equal prominence. Wliilo tlio 
chemical composition of minerals still hold ri^n'htly its 
prominent place, the invest!, yation of the crystallo.qTapliic 
and optical characters and the relationships oxistin,i>’ 
hetweenall three were of much more frequent occurrence. 
Edward S. Dana commenced Ills scientific work by pub- 
lishing in 1872 an arl.icle on the crystals of datolii.e which 
was probably tho first American article concerned wholly 
with the description of tho erystallograpliy of a minerai. 
Samuel L. Penlield bc.gan his important invosti,gationa in 
1877 and tho fii’st articles bj^ Frank W. CLarkc appeared 
during this i)criod. The fu’st edition of the Text Kook 
of Mineralogy by Edward S. Dana, Avith its important 
chapters on Crystallo.graphy and Optical Mineralogy 
Avas published in 1877 and his revision of tho System of 
Mineralogy (sixth edition) appeared in 1892. 

Unquestionably the foremost fi.gnre in American min- 
eralogy during this period Avas that of Samuel 17. Den- 
ficld. He embodied in an unusual degree the characters 
making for success in this science, for foAV inA’-esl.igators 
in mineralogy huAm slioAvn, as he did, equal facility in ail 
branches of dcscriiAtive niimu-alogy. ITo Avas a, slcilh'd 
chemist and possessed in a, lii,gli de.greo timt in.g'eimity in. 
manipulation so necessary to a. giAwit analyst. Ho Avas 
also an accAirate and resourceCul crystallograplKU.’ and 
optical mineralogist. Ilis contributions to tlui scie.nc(! of 
mineralogy can be partially judged by the folloAving 
brief summary of Iris Avork. ITe published over eighty 
mineralo,gical papers, practiciilly all of Avhic.h wcire 
printed in the .Tournal. These inciludcul the descriptions 
of fourteen n(^w mineral spcicies, tlio cstahlishnumt of tho 
chemical composition of more than tAventy others, and 
the crystallization of about a dozen more. By a, series 
of brilliant investigations ho established tho isomorphism 
betAveen fluorine and the hydroxyl radical. He first 
enunciated tlio theory that tho crystalline form of a min- 
eral was duo to the mass effect of tho acid present rather 
than that of the bases. lie contributed also a number of 
articles on tho storeographic projection and its use, in 
crystallographic investigations, devising a series of pro- 
tractors and scales to make possible the rapid and accu- 


Penfield was born in 1856, was graduated froni tlie 
Sheffield Scientific School in 1877 and imiuediatoly 
became an assistant in the chemical laboratory ol: that 
institution. At this time he, together with his collcag'uo 
Horace L. Wells, made the analyses of tlio minerals J’rom 
the newly discovered Branchville locality. He spent the 
years 1880 and 1881 in studying chemistry in Gojunany, 
returning to Yale as an instructor in. mineralogy in tho 
fall of 3.881. Except for another semester in Europe at 
Pleidelberg he continued as instructor and professor of 
mineralogy in the Sheffield Scientific School until his 
early death in 1906. 

It is difficult to choose for mention the names of other 
investigators in Mineralogy during this period. 'Ihiward 
its end a great many writers contributed to tho pag'(!S_ of 
the Journal, more than fifty different niunes hc^hig 
counted for the volumes 41 to 60 of tho Third Series. 
Many of these are still living and still active in scicuit.ific 
research. Mention should be made of Frank W. Clarke, 
who contributed many important articles concerning 
the chemical constitution of the silicates. His work on 
the mica and zeolite groups is especially noteworthy. 
The work of W. H. Hillcbrand, particularly in regard to 
his analytical investigations of the minerals containing 
the rarer elements, was of great importance. The name 
of W. E. Hidden should be remembered, heeanse, with 
his keen and discriminating eye aUd active searcli f oi’ new 
mineral localities, he was able to make many additions to 
the science. 

In glancing over the indices to the Journal tho close 
interrelation of mineralogy to the other sciences is strik- 
ingly shown by the fact that so manj'’ scientists whoso 
particular fields are along other lines have published 
occasional mineralogical papers. Frequently a yoixng 
man has commenced with mineralogical investigations 
and then later been drawn definitely into one of those 
allied subjects. _ Men, who have won their reputation in 
chemistry, physics, and all the various divisions of geol- 
ogy, even that of palaeontology, have all contributed arti- 
cles distinctly mineralogical in character. For this 
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hed what may be called casual papers on mineralogy 
very great in comparison to the number of those who 
ntinue such publications over a series of years. 

That the subject of meteorites is one which has been 
nstantly studied by American mineralogists and petrog- 
phers is shown by the long list of papers concerning it 
at have been published in tlie Journal ; it should, tliere- 
re, be considered briefly here. Many of these papers 
e short and of a general descriptive nature but others 
rich give more fully the chemical, mincralogical and 
lysical details are numerous. Among the earlier 
liters on this subject Benjamin Silliman, Jr., and C. U. 
lepard should be mentioned. The latter Avas the first 
recognize a new mineral in the Bishopvillo meteorite 
rich he called chladnito. The same substance Avas 
terwards found in a terrestial occurrence and Avas more 
curately described by Kenngott under the name of 
istatite. J. LaAvrence Smith later shoAved that these 
ro substances were identical. Smith did a large 
nount of important chemical work on meteorites. Ho 
as the first to note the presence of ferrous chloride hr 
eteoric iron, the mineral being aftoiwards named laAV- 
ncite in his honor. The iron-chronium suliahide, 
lubreelite, was also first described by him. Other 
imes that should be mentioned in this connection are 
ose of A. W. Wright who studied the gaseous con- 
ituents of meteorites, Q-. P. Kunz, W. E. Hidden, A. B. 
oote and H. A. Wai'd, all of whom published numerous 
ascriptions of these bodies. Among the more recent 
orkers in this field the names of G-. P. Merrill and 0. 0. 
arrington deserve especial meiation. 

The publication of the Poiarth Series of the Journal 
igan in 1896. Although the years since then have seen 
great amount of very important Avork accomplished, the 
story of the period is fresh in the minds of all and as 
le majority of the active Avorkers are still living and 
roductive it seems hardly necessary to go into great 
jtail concerning it. TAventy years ago it seemed to 
)mc mineralogists that the science could almost be con- 
dered complete. All the commoner minerals had cer- 
linly been discovered and exhaustively studied. Little 
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crystal habits would be observed, and an occasional new 
and small crystal face might be listed, but few facts of 
great importance seemed undiscovered. This view was 
not wholly justified because new facts of interest and 
importance have continuously been brought forward, and 
the finding of new minerals does not appear to diminish 
in amount with the years. The work of the investigators 
on the United States Geological Survey along these lines 
is especially noteworthy. 

This last of our periods, however, is chiefly signalized 
by a practically new development along the lines that 
might be characterized as experimental mineralogy. 
NeAV ways have been discovered in Avhieh to study min- 
erals. The important but hitherto baffling problems of 
their genesis, together with their relations to their 
surroundings, and to associated minerals, have been 
attacked by novel methods. 

In this pioneer work that of the Geophysical Labora- 
tory of the Carnegie Institution of Washington has been 
of the greatest importance. This laboratory was estab- 
lished in 1905 and, under the directorship of Arthur L. 
Day, a notable corps of investigators has been assembled 
and remarkable work already accomplished. While the 
field of investigation of the laboratory is broader than 
that of mineralogy, including much that belongs to 
petrography, vulcanology, etc., still the greater part of 
the work done can be properly classed as mincralogical in 
character and should be considered here. Because of its 
great value, however, it was felt that an authoritative, 
although nec'^ssarily, under existing conditions, a brief, 
account of it should be given. A concise summary of the 
objects, methods and results of the investigations of the 
laboratory has been kindly prepared by a member of its 
staff, Dr. R. B. Sosman, and is given later. 

During the last few years another line of investigation 
has been opened by the discovery of the effect of crystal- 
line structure upon X-rays. Through the refraction or. 
reflection of the X-ray by means of the ordered arrange- 
ment of the particles forming the crystalline network, we 
are apparently going to be able to discover much con- 



;hrongli tliese discoveries, is likely to come in turn tlie 
jolution of the liitherto insolvable mystery of the consti- 
mtion of matter. Without doubt the multitudinous facts 
Df mineralogy assembled during the past century by the 
oainstaldng investigation of a large number of scientists 
irc destined to play a largo part in the solution of this 
oroblcm. Further, it docs not seem too bold a prophecy 
to suggest, that the time will come when it will be possi- 
ble to assemble all these unorganized facts that we know 
rbout minerals into a harmonious whole and that we sliall 
be then able to formiilato the underlying and fundamental 
principles upon which they all depend. These are the 
great problems for the future of minoralogical inves- 
tigation. 


IX 


THE WORK OF THE GrEOPHYSICAL LABOR- 
ATORY OP THE CARNEOIE INSTITUTION 
OF WASHINGTON 

By K. B. SOSMAN 

T here are three methods of approach to the great 
problem, of rock formation. The first undertakes to 
reproduce by suitable laboratory experiments some 
of the observed changes in natural rocks. The second 
seeks to apply the principles of physical chemistry to a 
great body of carefully gathered statistics. The thii’d 
method of attack is like the first in being a laboratory 
method, and like the second in seeking to apply existing 
knowledge to the association of minerals as found in 
rocks, but in its procedure diifers widely from both. It 
consists of bringing together pure materials under 
measurable conditions, and thus in establishing by 
strictly quantitative methods the relations in which min- 
erals can exist together under the conditions of tempera- 
ture and pressure that have the power to Eiffcct such 
relations. 

It is to this third method of investigation of the prob- 
lems of the rocks that the Geophysical Laboratory has 
been devoted since its establishment in 1905. It has 
proved entirely practicable to make quantitative studies 
of _ the relations among the principal eartli-forming 
oxides (silica, alumina, magnesia, lime, soda, potash, and 
the oxides of iron) over a very wide range of tempera- 
tures. The resources of physics have proved adequate 
to establish temperature with a high degree of precision 
and to measure the quantity of energy involved in the 
various reactions. The chemist has been able to obtam 
materials in a high degree of purity, and to follow out in 
detail the chemical relationships that exist among the 


Q available for the comparison of synthetic laboratory 
ducts with the corresponding natural minerals, 
t has also proved entirely practicable to extend the 
le methods of research to some of the principal ore 
lerals such as the sulphides of copper. Other infor- 
tion which is certain to be of ultimate economic value 
also come out of the thorough study of the silicates, 
ch arc basic materials for the vast variety of indus- 
is which are classed under the name of ceramic indus- 
!S. The best example of this is the facility with which 
experience and the personnel of the laboratory has 
n adapted to the very imi)ortant problem of manufa.c- 
ing an adequate supply of optical glass for the needs 
the United States in the present war. 
t has further boon possible to show within the last two 
rs that rock formation in which volatile ingredients 
y a necessary and determining part can be completely 
died in the laboratory with as much precision as 
ugh all the components were solids or liquids, 
dong with the laboratory work on the formation of 
lerals and rocks has gone an increasing amount of field 
dc on the activities of accessible volcanoes, such as 
auea and Vesuvius, where tlio fusion and rccrystal- 
ition of rocks on a large scale can be observed and 
died. 

Ihere was once a time when the confidence of the lab- 
tory in the capacity of physics and cliomistry to solve 
logical problems was not shared by all geologists, 
ere were some Avho were inclined to view with consid- 
ble apprehension the vast ramifications and com- 
iations of natural rock formation as a problem 
jossible of adequate solution in the laboratory. It is, 
refore, a matter of satisfaction to all those Avho have 
•tieipated in these efforts to see tlic evidences of this 
)rohonsion disappearing gradually as the work has 
igressed. A careful appraisement of tlie situation 
lay, after ten years of activity, reveals the fact that 
tangible grounds for anxiety about the aceos^ihilily 
the problems which were confronted at first arc now 
the most part dissipated. 

t will not be possible to rovicAV in detail the lines of 
18 


on systems or tne mineral oxiacs ana a paragrapn on me 
volcano researches will jierhaps suffice to indicate the 
general plan and purpose of the laboratory’s work. It 
should be added that the results of many of the researches 
of the laboratory, detailed below, have been published in 
the pages of the Journal (see 21, 89, 1906, and later 
volumes). 

Mineral Researches . — The mineral studies include; 

I. One-component systems: silica, with its numerous 
polymorphic forms and their relations to temperature 
and the conditions of rock formation; alumina; mag- 
nesia ; and lime. 

II. Two-component systems: silica-alumina, includ- 
ing sillimanite and related minerals ; silica-magnesia, 
including the tetramorphic metasilicate MgSiOj; silica- 
lime, including wollastonite ; the alkali silicates, par- 
ticularly with reference to their equilibria with carbon 
dioxide and with water ; ferric oxide-lime ; alumina-lime ; 
alumina-magnesia, including spinel; and hematite-mag- 
netite, a solid-solution series of an unusual type. • 

III. Three-component systems: silica-alumina-mag- 
nesia, completed but not yet published; silica-alumina- 
lime, complete, including the compounds that enter into 
the composition of portland cement; silica-magnesia- 
lime, completed but not yet published, including, however, 
published work on the diopside-forsterite-silica system, 
and on the GaSiOg-MgSiOa series; and alumina-mag- 
nesia-lime. 

IV. Four components: SiOj-AlaOg-MgO-CaO ; the in- 
complete system anorthite-f orsterite-silica ; SiOa-AlgOg- 
OaO-NaaO: the scries of lime-soda feldspars (albite- 
anorthite), and the series nephelite (carnegieite)-anor- 
thite; SiOa-AlnOa-NaaO-KgO : the sodium-potassium 
nephelites. 

V. Five components: SiOg-AlaOg-MgO-CaO-NagO : 
the ternary system diopside-anorthite-albite (haplo-basal- 
tic and haplo-dioritic magmas). 

Fairly complete studies have also been made of the 
mineral sulphides of iron, copper, zinc, cadmium, and 
mercury, and the conditions controlling the secondary 
enrichment of copper sulphide ores are now being inves- 



the hydrated oxides of iron have been studied chemically 
and microscopically and the results will soon be ready for 
publication. 

Throughout the work the mere accumulation of bodies 
of facts has been held to be secondary in importance to 
the development of new methods of attack and the eval- 
uation of new general principles, and the specific prob- 
lems studied have been selected from this point of view. 

Volcano Researches . — A brunch of the laboratory’s 
work that is of general as well as petrological interest 
is the study of active volcanoes. Observations and col- 
lections have been made at Kilauea, Vesuvius, Etna, 
Stromboli, Vulcano, and (through the courtesy of the 
directors of the National Geographic Society) Katmai in 
Alaska. The great importance of gases in volcanicity is 
emphasized by all the studies. The active gases include 
hydrogen and water vapor, carbon monoxide and carbon 
dioxide, and sulphur and its oxides, as well as a variety 
of other compounds of lesser importance. The crater of 
Kilauea proves to bo an active natural gas-furnace, in 
which reactions are continuously occurring among the 
gases, often resulting in making the lava basin hotter at 
the surface than it is at some depth. These reactions 
are being studied in the laboratory on mixtures of the 
pure constituent gases in known proportions, in order to 
lay the foundation for accurate interpretation and pre- 
diction concerning the gases as actually collected from 
the volcanoes themselves. 
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THE PROGRESS OF CHEMISTRY DURING THE 
PAST ONE HUNDRED YEARS 

By HOBAOB L. WELLS and HARRY W. FOOTE 
Introduction, 

AS we look back to the time of the founding of the 
j\ Journal in 1818, we see that the science of chem- 
Jl\_ istry had recently made and was then making great 
advances. That the scientific men of those days were 
much impressed with what was being accomplished is well 
shown by the following statement made in an early num- 
ber_ of the Journal (3, 330, 1821) by its founder in 
reviewing Gorham’s Elements of Chemical Science. He 
says : “The present period is distinguished by wonderful 
mental activity; it might indeed be denominated as the 
intellectual age of the world. At no former period has 
the mind of man been directed at one time to so many and 
so useful researches. ’ ’ 

A very remarkable revolution in chemical ideas had 
recently taken place. Soon after the discovery of oxy- 
gon by Priestley in 1774, and the subsequent discovery 
by Cavendish that water was formed by the combustion 
of hydrogen and oxygon, Lavoisier had explained com- 
bustion in general as oxidation, thus overthrowing the 
curious old phlogiston theory which had prevailed as the 
basis of chemical philosophy for nearly a century. 

The era of modern chemistry had thus begun, and the 
additional views that matter was indestructible and that 
chemical compounds were of constant composition had 
been generallj'' accepted at the beginning of the nine- 
teenth century. 

Dalton had announced his atomic theory in 1802, hav- 
ing based it largely upon the law of multiple proportions 



) express the formulas for compounds in terms of 
tomic symbols. 

In 1808 Gay-Lussac had discovered his law of gas com- 
ination in simple proportions,^ a law of supreme import- 
iice in connection with the atomic theory, but neither he 
or Dalton had seen this theoretical connection. Avo- 
adro had understood it, however, and in 1811 had 
jached the momentous conclusion that all gases and 
apors have equal numbers of molecules in equal volumes 
t the same temperature and pressure. 

Davy in 1807 had isolated the alkali-metals, sodium 
ad potassium, by means of electrolysis, thus practically 
Lspelling the view that certain earthy substances might 
3 elementary; and about four years later he had demon- 
;rated that chlorine was an element, not an oxide as had 
een supposed previously, thus overthrowing Lavoisier’s 
iew that oxygen was the characteristic constituent of all 
aids. 

At the time that our period of history begins, the 
tomic theory had been accepted generally, but in a some- 
hat indefinite form, since little attention had been paid 
) Avogadro’s principle, and since Dalton had used only 
le principle of greatest simplicity in Avriting the formu- 
•S of compounds, considering water as liO and ammonia 
H, for example. At this time, however, Berzelius for 
in or fifteen years had been devoting tremendous energy 
) the task of determining the atomic Aveights of nearly 
1 of the elements then known by analyzing their 
mpounds. He had confirmed the law of multiple pro- 
ortions, accepted the atomic theory, and utilized Avo- 
adro’s principle, and it is an interesting coincidence 
lat his first table of atomic Aveights was iDublished in the 
3ar 1818. 

An interesting account of the views on chemistry held 
t aboTit that time Avas published in the Journal by Deni- 
m Olmsted (11, 349, 182G; 12, 1, 1827), who had 
iceiitly become professor of natural philosophy in Yale 
ollege. 

The most illustrious European chemists of that time 
ere Berzelius of SAveden, Davy of England, and Gay- 
nssac of France, and the curious circumstance may bo 


period of eight months in 1778-1779, 

In this country Robert Hare of Philadelphia and Ben- 
jamin Silliman were undoubtedly the most prominent 
chemists of those days. Hare is best known for his 
invention of the compound blowpipe, but his contribu- 
tions to the Journal were very numerous, beginning 
almost with the first volume and continuing for over 
thirty years. Among the first of these contributions was 
a most vigorous but well-merited attack upon a Doctor 
Olark of Cambridge, England, who had copied his inven- 
tion wthout giving him proper credit. He begins (2, 
281, 1820) by saying: “Dr. Clark has published a book 
on the gas blowpipe in which he professes a sincere desire 
to render everyone his due. That it would be difficult for 
the conduct of any author to be more discordant with 
these professions, I pledge myself to prove in the fol- 
lowing pages.” 

Hare also invented a galvanic battery which he called 
a “ deflagrator, ” consisting of a large number of single 
cells in series. With this, using carbon electrodes, he 
was able to obtain a higher temperature than with his 
oxy-hydrogen blowpipe. He was the first to apply gal- 
vanic ignition to blasting (21, 139, 1832), and he first 
carried out electrolyses with the use of mercury as the 
cathode (37, 267, 1839). In this way he prepared 
metallic calcium and other metals from solutions of their 
chlorides, while the principle employed by him has in 
recent times been used as the basis of a very important 
process for manufacturing caustic potash and soda. 

Silliman, who had become an intimate friend of Hare 
during two periods of chemical study under Woodhouse 
in Philadelphia in 1802-1804, and who soon afterwards 
spent fourteen months as a student abroad, chiefly in 
England and Scotland, took a broad interest in science 
and gave much attention to g’eology as well as to chem- 
istry, In spite of this divided interest and his work as 
a teacher, popular scientific lecturer, and editor, he found 
time for a surprising amount of original chemical work. 
For instance, using Hare’s deflagrator, he showed that 
carbon was volatilized in the electric arc (5, 108, 1822) ; 


lie was the first in this country to prepare hydrofluoric 
acid (6, 354, 1823), and he first detected bromine in one of 
our natural brines ( 18 , 142, 1830). 


Atomic Weights* 

As soon as the atomic theory was accepted, the relative 
weights of the atoms became a matter of vital importance 
in connection with formulas and chemical calculations. 
In advancing his theory, Dalton had made some very 
rough atomic weight determinations, and it has been men- 
tioned already that Beraelius, at the time that our histor- 
ical period begins, was engaged in the prodigious task of 
accurately determining these constants for nearly all the 
known dements. It is recorded that he analyzed quan- 
titatively no less than two thousand compounds in 
connection with this work during his career. His table 
of 1818 has proved to be remarkably accurate for that 
pioneer period, and it indicates his remarkable skill as an 
analyst. 

It is to be observed that Berzelius in this early table 
made use of Avogadro’s principle in connection with 
elements forming gaseous compounds, and thus obtained 
correct formulas and atomic weights in such cases, but 
that in many instances his atomic weights and those now 
accepted bear the relation of simple multiples to one 
another, because he had then no meaiis of deciding upon 
the formulas of many compounds except the rule of 
assumed simplicity. For example, the two oxides of 
iron now considered to be FeO and FooG^ he regarded as 
FeOj and FeOg, knowing as he did that the ratio of 
oxygen in them was 2 to 3, and believing that a single 
atom of iron in each was the simplest view of the case, 
so that as the consequence of these formulas the atomic 
weight of iron was then considered to be practically 
twice as great in its relation to oxygen as at present. 

These old atomic weights of Berzelius, used with the 
corresponding formulas, were just as serviceable for cal- 
culating compositions and analytical factors as though 
the correct multiples had been selected. As time went 
on, the true multiples were gradually found from consid- 
erations of atomic heats, isomorphism, vapor densities. 


Berzelius used 100 parts of oxygen as the basis of his 
atomic weights, a practice which was generally followed 
for several decades. Dalton, however, had originally 
used hydrogen as unity as the basis, and this plan finally 
came into use everywhere, as it seemed to be more log- 
ical and convenient, because hydrogen has the smallest 
atomic weight, and also because the atomic weights of a 
number of common elements appeared to be exact multi- 
ples of that of hydrogen, thus giving simpler numbers for 
use in calculations. 

Within a few years a slight change has been made by 
the adoption of oxygen as exactly 16 as the basis, which 
gives hydrogen the value of 1-008. 

As early as 1815, Prout, an English physician, had 
advanced the view that hydrogen is the primordial sub- 
stance of all the elements, and consequently that the 
atomic weights are all exact multiples of that of hydro- 
gen. This hypothesis has hecn one of the incentives to 
investigations upon atomic weights, for it has been found 
that these constants in the cases of a considerable num- 
ber of the elements are very close to Avhole numbers 
when based upon hydrogen as unity, or even still closer 
when based upon oxygen as 16. 

With our present knowledge Front’s hypothesis may 
be regarded as disproved for nearly all the elements 
whose atomic weights have been accurately determined, 
but the close or even exact agreement with it in a few 
cases is still worthy of consideration. There is an inter- 
esting letter from Berzelius to B. Silliman, Jr., in the 
Journal (48, 369, 1845) in which Berzelius considers the 
theory entirely disproved. 

For a long time entire reliance was placed upon the 
atomic weights obtained by Berzelius, but it came to be 
obsei'ved that the calculation of carbon from carbon diox- 
ide appeared to give high results in certain cases, so that 
doubt arose as to the accuracy of Berzelius’s work. Con- 
sequently in 1840 Dumas, assisted by his pupil Stas, made 
a new determination of the atomic weight of carbon, and 
found that the number obtained by Berzelius, 12-12, was 
slightly too largo. Subsequently Dumas determined 



amount of work did not bring about any considerable 
improvement, for it appears that Dumas did not greatly 
excel Berzelius in accuracy, and that the latter had made 
one of his most noticeable errors in connection with 
carbon. 

Soon after assisting Dumas in the work upon carbon, 
Stas began his very extensive and accurate, independent 
determinations, leading to the publication of a book in 
1867 describing his work. Stas made many improve- 
ments in methods by the use of great care in purifying 
the substances employed, and especially by using large 
quantities of material in his determinations, thus dimin- 
ishing the proportional errors in weighing. Ills results, 
which dealt with most of the common elements, were 
accepted with much confidence by chemists everjrvvherc. 

Stas reached the conclusion that there could be no real 
foundation for Front’s hypothesis, since so many of his 
atomic weights varied from whole numbers, and this 
opinion has been generally accepted. 

The first accurate atomic weight determination pub- 
lished in the Journal was that by Mallett on lithium ( 22 , 
349, 1856; 28 , 349, 1859), showing a result almost identi- 
cal with that accepted at the present time. Johnson and 
Allen’s determination ( 35 , 94, 1863) on the rare element 
cfesium was carried out with extraordinary accuracy. 
Lee, working with Wolcott Gibbs, made good determina- 
tions on nickel and cobalt ( 2 , 44, 1871). The work of 
Cooke on antimony ( 15 , 41, 107, 1878) was excellent. 

Concerning the more recent work published elsewhere 
than in the Journal, attention should be called particu- 
larly to the investigations that have been carried on for 
the past twenty-five years by Richards and his associates 
at Harvard University. Richards has shown masterly 
ability in the selection of methods and in avoiding errors. 
His I’esults have displayed such marvelous agreements 
among repeated determinations by the same and by dif- 
ferent processes as to inspire the greatest confidc:ice. 
His work has been very extensive, and it is a great credit 
to our country that, this atomic weight work, so superior 
to all that has been previously done, is being carried 
out here. 
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has been in the hands of an Interniitional ('fonmiitlno <if 
which our fellow countryman F. W. 01ark<^ lias lav'u 
chairman. In connection with this position and pr(<- 
viously, Clarice has done valuable sorvi (!0 in lavc’.alculat- 
ing and summarizing atomic weight determiruvtioivs. 

Analytical Chemistry, 

Analysis is of such fundamental importaimo in muudy 
every other branch of chemical investigation that its 
development has been of the utmost importane.c'. iu_('.un- 
nection with the advancement of the acieuce. I t attnhicd, 
therefore, a comparatively early dovolopmoiit, and ono 
hundred years ago it was in a llorn'ishing condition, par- 
ticularly as far as inorganic qualitative and gra.vinKd.rie 
analysis were concerned, There i.s no doubt that Ber- 
zelius, whose atomic weight detorminations luu'o alnnuly 
been mentioned, simpasscd all other Jinnlysts of Hint linu) 
in the amount, variety, and aecurney of his grnvinudrio 
work. Ho lived through three decades of our period, 
until 1848. 

During the past centuiy there has been conHf;anl. lu'og- 
ress in inorganic analysis, due to improved nKd,Iio(lH, 
better apparatus and accumulated cxpurie.nco. An 
excellent work on this subject was published by ,1 1. Hose, 
a pupil of Berzelius, and the methods of the latter, with 
many improvements and additions by the author and 
others, were thus made accessible. FroseniuH, who was 
born in 1818, did much service in establiahing a labora- 
tory in which the teaching of analytical c.lieuiisf.ry was 
made a specialty, in writing text-books on tlie. subject 
and in establishing in 18(13 the '‘Zeitachrirt I’iir analy- 
tische Chemie,” which has continued up to the present 
time. 

Besides Berzelius, who was the first to show l.hat min- 
erals were definite chemical compounds, tluivo have lieen 
many prominent mineral analysts in Kuropcq aiiioug 
whom Bammelsbei’g and .Bunsen may ho rnoutioiual, but 
there came a time towards the end of the niiietoenl h ctui- 
tury when the attention of chemists, particularly in Oer- 
many, was so much absorbed by organic clionilstry tluit 


ms during that period that an English mineralogist, 
ting New Haven and praising the mineral analyses 
t were being carried out at Yale, expressed regret that 
fo appeared to bo no one in England, or in Germany 
ler, wlio could analyze minerals. 

'he best analytical work done in this country in the 
ly part ol: our period was chiefly in connection with 
loral analysis, and a largo share of it was published in 
Journal. Heni-y Seybort, of ]i*hiladelplua, in par- 
ilar, showed remarkable skill in this direction, and 
dislied numerous analyses of silicates and other min- 
is, heginning in 1822. It was he who first detected 
ic acid in tourmaline (6, 155, 1822), and beryllium in 
ysoboryl (8, 105, 1824). Ills methods for silicate 
ilyacs were very similar to those used at the present 
e. 

^ Lawrence Smith in 1858 described his method for 
ermining alkalies in minerals (16, 58), a method which 
ts final form (1, 269, 1871) is the best ever devised for 
purpose. lie also described (16, 94, 1853) a very 
iful method, still largely used in analytical work, for 
itroying ammonium salts by means of aqua regia, 
roy Lea (42, 109, IBfifi) doseribed the well-known test 
' iodide.s by moans of potassium dichromate. E. W. 
Li'ko (49, 48, 1870) showed that antimony and arsenic 
ikl bo quantitatively separated from tin by the pro- 
itation of the sulpliides in the presmico of oxalic acid. 
1864 Wolcott Gibbs (37, 846) bcigaii an important 
■ios of analytical notes from the Ijawrence Scientific 
liool, and ho worked out later many difficult analytical 
^bloms, particularly iii coiiiuMhion with liis oxtouaivo 
loarcliefi uiion tlio complex inorganic acids. 

Li’rom 1850 on, Brush and Ids students made many 
portant investigations upon minerals, and from 1877 
iifiold (13, 425), boginniiig witli an analysis of a new 
iieiail from Brancliville, (kmiiocticut, dciscribod by 
nsb and E. S. Dana, disidayed remarkable skill and 
Instry in this kind of work. Both of_ the wrilers of 
s article wore lortnnate in being associated with Bim- 
Id in some of his researches upon mhiorals ami one. of 
began as ho did with the Branchvillc work It is 
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improvements in apparatus and a German text-book on 
the subject, while Sutton wrote an excellent English work 
on volumetric analysis, of which many editions have 
appeared. 

While volumetric analysis began to be used less than 
one hundred years ago, its applications have been grad- 
ually extended to a very groat degree, and it is not only 
exceedingly iinportant in investigations in pure chemis- 
try, but its use is especially extensive in technical labora- 
tories where large numbers of rapid analyses are 
required. 

Not a few volumetric methods have been devised or 
impi'oved in the United States, but mention will be made 
here only of - Cooke’s important method for the deter- 
mination of ferrous iron in insoluble silicates, published 
in the Journal (44, 347, 1867) ; to Penfield’s method for 
the detei’mination of fluorine in 1878; and to the more 
recent general method of titration with an iodate in 
strong hydrochloric acid solutions, due to L. W. 
Andrews, a number of applications of which have been 
worked out in the Sheffield Laboratory. 

A considerable amount of work with gases had been 
done by Priestley, Scheelo, Cavendish, Lavoisier, Dalton, 
Gay-Lussac, and others before our hundred-year period 
began. Cavendish, about 1780, had analysed atmos- 
pheric air with remarkable accuracy, and had oven sep- 
arated the argon from it and wondered what it was, and 
later Gay-Lussac had shown great skill in the study of 
gas reactions. During our period gas analysis has been 
further developed by many chemists. Bunsen, in pai’- 
ticnlar, brought the art l:o a higli degree of perfection in 
the course of a long period beginning about 1838, the last 
edition of his “Methods of Gas Analysis” having been 
published in 1877. 

^ Important devices for the simplification of gas-analy- 
sis in order that it might ho used more conveniently for 
technical purposes have been introduced by Orsat in 
France and by Winkler, Hempel and Bunto in Germany. 

It appears that our countryman Morley has surpassed 
all others in accurate work with gases in connection 
with his determinations of the combining weights and 



Some of ills publications have appeared in the Journal 
(30, 140, 1885; 41, 220, 1891; and others). 

Electrolytic analysis, involving the deposition of 
metals, or sometimes of oxides, usually upon a platinum 
electrode, was brought into use in 1865 by Wolcott Gibbs 
through an article published in the Journal (39, 58, 1865). 
He there described the electrolytic precipitation of cop- 
per and of nickel by the methods still in use. The appli- 
cation of the process has been extended to a number of 
other metals, and it has been largely employed, particu- 
larly in technical analyses. Important investigations 
and excellent books on this subject have been the contri- 
butions of Edgar P. Smith of the Universitj'- of Pennsyl- 
vania, and the useful improvement, the rotating cathode, 
was devised by Gooch and described in the Journal (15, 
320, 1903). 


General Inorganic Chemistry* 

The Chemical Symbols . — It is to Berzelius that we owe 
our symbols for the atoms, derived usually from their 
Latin names, such as G for carbon, Na for sodium, Cl for 
chlorine, Pe for iron, Ag for silver, and Au for gold. 
"We owe to him also the use of small figures to show the 
number of atoms in a formula, as in N 2 O 5 . This was a 
marked improvement over the hieroglyphic symbols pro- 
posed by Dalton, which were set down as many times as 
the atoms were supposed to occur in formulas, forming 
groups of curious appearance, but in some respects not 
unlike some of our modern developed formulas. The 
advantages of Berzelius’s symbols were their simplicity, 
legibility, and the fact that they could be printed without 
the need of special type. It is true that at a later period 
Berzelius used certain symbols with horizontal lines 
crossing them to represent double atoms, and that these 
made some difficulty in printing. It should be mentioned 
also that Berzelius at one time made an effort to simplify 
formulas by placing dots over other symbols to represent 
oxygen, and commas to represent sulphur atoms. Exam- 
ples of these are : 

• t., 

CaS, calcium sulphate ; Fe, iron disulphide 
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This form of notation was quite extensively employed 
'or a time, especially by mineralogists, but it was entirely 
ibandoned later. 

It is interesting to notice that Dalton, who lived until 
'844, to reach the age of 78, differed from other chemists 
n refusing to accept the letter-symbols of BerKclius. 
[n a letter written to Graham in 1837 he said: "Ber- 
lelius’s symbols are horrifying. A young student in 
ihemistry might as soon learn Hebrew as to make him- 
iolf acquainted with them. They appear like a chaos of 
itoms . . . and to equally perplex the adepts of science, 
;o discourage the learner, as well as to cloud the beauty 
ind simplicity of the atomic theory. ’ ’ 

This forcibly expressed opinion was apparently tinged 
vith self-esteem, but there is no doubt that Dalton was 
iincere in believing that the atoms were best represented 
3 y his circular symbols, because, as is well known, he 
;hought that all the atoms were spherical in form, and it 
s evident that circles give the proper picture of spherical 
)bjects. At the present time some insight as to the 
structure of atoms is being gained, and it appears possi- 
jle that the time may come when pictures of their 
sxternal appearance that arc not wholly imaginary may 
36 made. 

Changes in Formulas . — Even before the year 1826, 
Berzelius displayed great skill in arriving at many for- 
nulas that agree with our present ones, for example, HoO 
for water, ZnClg for zinc chloride, NoOn for nitric acid 
(anhydride), CaO for calcium oxide, CO and COg for the 
3 xides of carbo 33 , and many others. But at the same 
period other authorities, especially Gay-Lussac in France 
and Gmelin in Germany, on account of a lack of appreci- 
ation for Avogadro’s principle and for other reasons, 
such as the use of symbols to represent combining 
weights rather than atoms, were using different formulas 
for some of these compounds, such as HO, ZnCl and NO 5 , 
30 that their formulas for many of the compounds of 
lajMrogen, chlorine, nitrogen and several other elemeiats 
liffered from those of Berzelius. The employment of 
lifferent formulas involved the use of different atomic 
3 r combining weights. For example, with the foi'mula 
fLO for water the composition by weight requires the 
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for a time, especially by mineralogists, but it was entirely 
abandoned later. 

It is interesting to notice that Dalton, who lived until 
1844, to reach the age of 78, differed from other chemists 
in refusing to accept the letter-symbols of Berzelius. 
In a letter written to Graham in 1837 he said: ‘‘Ber- 
zelius’s symbols are horrifying. A young student in 
chemistry might as soon learn Hebrew as to make him- 
self acquainted with them. They appear like a chaos of 
atoms . . . and to equally perplex the adepts of science, 
to discourage the learner, as well as to cloud the beauty 
and simplicity of the atomic theory.” 

This forcibly expressed opinion was apparently tinged 
with self-esteem, but there is no doubt that Dalton was 
sincere in believing that the atoms were best represented 
by his circular symbols, because, as is well known, he 
thought that all the atoms were spherical in form, and it 
is evident that circles give the proper picture of spherical 
objects. At the present time some insight as to the 
structure of atoms is being gained, and it appears possi- 
ble that the time may come when pictures of their 
external appearance that are not wholly imaginary may 
be made. 

Changes in Formulas . — Even before the year 1826, 
Berzelius displayed great skill in arriving at many for- 
mulas that agree with our present ones, for example, ITaO 
for water, ZnOl 2 for zinc chloride, NjOr for nitric acid 
(anhydride), CaO for calcium oxide, CO and OO 2 for the 
oxides of carbon, and many others. But at the same 
period other authorities, especially Gay-Lussac in France 
and Gmelin in Germany, on account of a lack of appreci- 
ation for Avogadro’s principle and for other reasons, 
such as the use of symbols to represent combining 
weights rather than atoms, were using different formulas 
for some of these compounds, such as HO, ZnCl and NO 5 , 
so that their formulas for many of the compounds of 
hydrogen, chlorine, nitrogen and several other elements 
differed from those of Berzelius. The employment of 
different formulas involved the use of different atomic 
or combining weights. For example, with the formula 
HjO for water the composition by weight requires the 


ffcn atoms, while with HO the ratio is i to o. 

Berzelius attempted to bring about greater umforimty 
in formulas and atomic weights by making cliangos in his 
table of atomic weights published in 1826. He prac- 
tically doubled the relative atomic weiglits of hydrogen, 
chlorine, nitrogen, and of the other elements that gave 
twice as many atoms in his formulas as in those ot others, 
and at the same time he wrote the symbols of these 
elements with a bar across them to indicate that they 
represented double atoms. For example, he wrote: 

HO Zn€l NO. 

instead of 

H.O, ZnCl. N.O. 

This appears to have been an iinfortunato conce,ssion 
to the views of others on the part of Berzelius, for the 
barred symbols were not generally adopted, partly on 
account of difBculties in printing, and the great achieve- 
ment in theory made by him was lost sight of for a long 
period of time. , 

The Lmo of Atomic Heats . — In 1819, Dulong and Petit 
of France, from experiments upon the spccilic heats of a 
number of solid elementary substances, came to the con- 
clusion that the atoms of simple substances have equal 
capacities for heat, or in other words, that the specific 
heats of elements multiplied by their atomic weights give 
a constant called the atomic heat. For instance, the 
specific heats of sulphur, iron, and gold have been given 
as 0-2026, 0-110, and 0-0324, while their atomic weights 
are about 32, 56, and 197, respectively ; hence the atomic 
heats obtained by multiplication arc 6-483, 6-116, and 
6-383. 

Further investigations showed that the atomic heats 
display a considerable variation. Those of carbon, 
boron, beryllium, and silicon are very low at ordinary 
temperatures, although they increase and approach the 
usual values at higher temperatures. More recent work 
has shown, however, that the specific heats of other ele- 
ments vary greatly with the temperature, almo.st disap- 
pearing at the temperature of liquid hydrogen, and heiice 
possibly disappearing entirely at the absolute zero, whore 



iljewise. 

It has been found that most of the solid elements near 
)rdinary temperatures give atomic heats that are 
ijoproximately 64. Berzelius applied the law in fixing 
i number of atomic weights, and its importance for this 
purpose is still recognized. 

It may be mentioned here that two well-known Yale 
nen, W. G. Mixter and E. S. Dana, while students in 
Bunsen’s laboratorj^ at Heidelberg in 1873, made deter- 
ninations of the specific heats of boron, silicon, and zir- 
jonium. This was the first determination of this con- 
stant for zirconium, and it Avas consequently important 
n establishing the atomic Aveight of that element. 

Isomorphism and Polymorphism . — Mitscherlich ob- 
served in 1818 that certain phosphates and arsenates 
laA'^e the same crystalline form, and afterAvards he 
reached the conclusion that identity in form indicates 
similarity in composition in connection Avith the number 
)f atoms and their arrangement. This law of isoniorph- 
sm AAms of much assistance in the establishment of cor- 
rect formulas and consequently of atomic weights. For 
nstance, since the carbonates of barium, strontium, and 
cad crystallize in the same form, the oxides of these 
netals must have analogous formulas. From such con- 
siderations Berzelius Avas able to make several improve- 
nents in his atomic weight table of 1826. 

Mitscherlich Avas the first to observe two forms of 
sulphur crystals, and from this and other cases of 
limorphism or of polymorphism it became evident that 
inalogous compounds Avere not necessarily always iso- 
norphous, a circumstance which has restricted the 
application of the law to some extent. 

Besides its application in fixing analogous formulas, 
the laAV of isomorphism has come to be of much practical 
ase in the understanding and simplification of the formu- 
las for minerals, for these natural crystals very often 
3ontain several isomorphous compounds in varying pro- 
portions, and an understanding of this “isomorphous 
replacement,” as it is called, makes it possible to deduce 
simple general formulas for them. 
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less extent between substances wiiicn are not ciicnncally 
similar, and this brings about a variation in comijositioii 
which at times has caused confusion. _ For instance, the 
mineral pyrrhotite has a composition which usually 
varies between Fe 7 S 8 and FcuSis, and both these lorinu- 
las have been assigned to it. It was recently shown by 
Allen, Crenshaw and Johnston in the Journal (33, 1G9, 
1912) that this is a ease where the compound FeS is 
capable of taking up various amounts of sulphur 
isomorphously. 

The idea of solid solution was advanced by van’t Hoff 
to explain the crystallization of mixtures, including cases 
of evident isomorphism. This view has been widely 
accepted, and it' has been particularly useful in cases 
where isomorphism is not evident. Solid solution 
between metals has been found to be exceedingly com- 
mon, many alloys being of this character. A case of 
this kind was observed by Cooke and descril)od in the 
Journal (20, 222, 1855). He prepared two well-crystal- 
lized compounds of zinc and antimony to which he gave 
the formulas Zn;^Sb and Zn.Hb, but he observed that 
excellent crystals of each could be obtained which varied 
largely in composition from these formulas. As the two 
compounds were dissimilar in their formulas and crys- 
talline _ forms, Cooke assumed that isomoi’phism was 
impossible and concluded “that it is clue to an actual 
perturbation of the law of definite proportions, produced 
by the influence of mass.” We should now regard this 
as a case of solid solution. 

A Lack of Confidence in Avogadro’s Principle . — One 
reason why chemists were so slow in arriving at the 
correct atomic weights and formulas was a partial loss 
of confidence in Avogadro’s principle. About 182() the 
young French chemist Dumas devised an excellent 
method for the determination of vapor densities at high 
temperatures, and his results and those of others showed 
some discrepancies in the expected densities. For 
example, the vapor density of sulphur was found to bo 
about three times too great, that of phosphorus twice too 
great, that of mercury vapor and that of aminoniuin 
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chloride only about half large enough to correspond to 
the values expected from analogy and other considera- 
tions. Thus, one volume of oxygen with two volumes of 
hydrogen make two volumes of steam, but only one-third 
of a volume of sulphur vapor was found to unite with 
two volumes of hydrogen to make two volumes of hydro- 
gen sulphide. Berzelius saw clearly that the results 
pointed to the existence of such molecules as Sn, P^, and 
Hg,, hut it was not generally realized in those days that 
Avogadro’s rule is fundamentally reliable, and Berzelius 
himself appears to have lost confidence in it on account 
of these complications, for he did not apply Avogadro’s 
principle to decisions about atomic weights except in the 
cases of substances gaseous at ordinai’y temperatures. 

Eleclro-cliemical Theories. — The observation was 
made by Nicholson and Carlisle in 1800 that water 
was decomposed into its constituent gases by the 
electric current. Then in 1803 Berzelius and Hisinger 
found that salts were decomposed into their bases and 
acids by the same agency, and in 1807 Davy isolated 
potassium, sodium, and other metals afterwards, by a 
similar decomposition. Since those early times a vast 
amount of attention has been paid to the relation of 
electricity to chemical changes, a relation that is evi- 
dently of great importance from the fact that while 
electric currents decompose chemical compounds, these 
currents, on the other hand, are produced by chemical 
reactions. 

Berzelius was particularly prominent in this direc- 
tion, and in 1819 he pnbli.shed an elaborate electro-chem- 
ical theory. He believed that atoms were electrically 
polarized, and that this was the cause of their combina- 
tion with one another. He extended this idea to groups 
of atoms, particularly to oxides, and regarded these 
groups as positive or negative, according to the excess of 
positive or negative electricity derived from their con- 
stituent atoms and remaining free. He thus arrived at 
his dualistic theory of chemical compounds, which 
attained great prominence and prevailed for a long time 
in chemical theory. According to this idea, each com- 
pound was supposed to be made up of a positive and a 


sulplmric acid corresponded to KoO-NjO,,, CaO.COo and 
HaO.SOs wherG we now write KjSTOh, C'aCOa and H 2 SO.J, 
and the theory was extended to embrace organic *coin- 
ponncls also. 

The eminent English chemist and physicist Faraday 
announced the important law of electro-chemical equiva- 
lents in 1834. This law shows that the quantities of 
elements set free bjr the passage of a given quantity of 
electricity through their solutions correspond to the 
chemical equivalents of those elements. Faraday made a 
table of the equivalents of a number of elements, regard- 
ing them important in connection with atomic Avcights, 
but at that time no sharp distinction was usually made 
between equiAmlents and atomic weights, and it was not 
fully realized that one atom of a given element may be 
the electrical equivalent of several atoms of another. 

Faradaj’-’s laAV, which is still regarded as fundamen- 
tally exact, has been of much practical use in the 
measurement of electric currents and in calculations con- 
nected with electro-chemical processes. In discussing 
his experiments, Faraday made use of several new terms, 
such as “electrolyte” for a substance which conducts 
electricity when in solution, and is thus “electrolyzed,” 
“electrode,” “anode,” and “cathode,” terms that have 
come into general use, and finallj’’ “ions” for the parti- 
cles that were supposed to “wander” towards the elec- 
trodes to be set free there. 

This term “ion” remained in comparative obscurity 
for more than half a century, when it was brought into 
great prominence among chemists by Arrhenius in con- 
nection with the ionic theory. 

Cannizzaro's Ideas. — Up to about 1869 chaos reigned 
among the formulas used by different chemists. Various 
compound radicals and numerous type-formulas were 
employed, dualistic and unitary formulas of several 
lands Avore in use, but the Avorst feature of the situation 
Avas the fact that more than, one system of atomic weights 
was in vogue, so that water might he written 

no, HO, or H,0 


ical pliilosopliy were presented. This acquired wide 
circulation in the form of a pamphlet at a chemical con- 
vention somewhat later, and it dealt so clearly and ably 
with Avogadro’s principle, Dulong and Petit’s law, and 
other points in connection with formulas that it led to a 
rapid and almost universal reform among those who 
were using unsatisfactory formulas. 

At about this time also the dualistic formulas of Ber- 
zelius were generally abandoned, and hydrogen came to 
be regarded as the characteristic element of all acids. 
For instance, CaO.SO.,, called “sulphate of lime,” came 
to be written CaSO., and Avas called “calcium sulphate,” 
and while it had been shoAvn as early as 1815 by Davy 
that “iodic acid,” luOn, shoAved no acid reaction until it 
was combined Avith Avater, the accumulation of similar 
facts led to the formulation of sulphuric acid as HoSO, 
instead of SO„ or I-LO.SOn, and that of other “oxygen 
acids” in a similar waj'’. As a necessary consequence of 
this view of acids, the bases came to be regardcct as com- 
pounds of the “hjxlroxjd” group, OH. Therefore tho 
formula for caustic soda came to be Avritteii NaOII 
instead of NaaO.HoO, and so on. 

The Periodic System of the Elements. — The perio- 
dicity of the elements in connection Avith their atomic 
Aveights Avas roughl}^ grasped by NoAvlands in England, 
who announced his “laAv of octaves” in 186,8. This Avas 
at the time Avhen the atomic weights wore being modified 
and their numerical relations properly shoAvn. Tho sub- 
ject was worked out more fully by L. kleyer in Germany 
a little later, but it was most clearly and elaborately pre- 
sented by the Russian chemist Mcndeleeff in 1869. 

In order that this subject may be explained to some 
extent Mendeleeff’s table is given here, Avith the addition 
of the recently discovered elements and some other mod- 
ifications. 















their atomic ■weights fall into eight groups where the 
kno-vvn oxides progress regularly, with the exception of 
two or three elements, from BoO in Group I to R 2 O 7 in 
Group VII, while in Group Vni two oxides (of ruthen- 
ium and osmium) are kno'^vn which carry the progression 
to RO^. 

^ It was pointed out by Mendeleeff that, with the excep- 
tion of series 1 and 2 at the top of the table, the alternate 
members of the groups show particularly close relation- 
ships. These subordinate groups, marked A and B, in 
most cases shoAV remarkable analogies and gradations in 
their .properties, for example, in the alkali-metals from 
lithium to caisium, and in the halogens from fluorine to 
iodine. The two divisions of a group do not usually 
show very close relations to each other, except in their 
valency, and they even display, in several instances, 
opposite gradations in chemical activity in the order of 
their atomic weights. For instance, cresium stands at 
the electro-positive end, Avhile gold stands at the electro- 
negative end of its subordinate group. The difference 
between the two divisions is very groat in Groups VI and 
VII, but it is extreme in Group Vin^ where heavy metals 
are on one side and inactive gases on the other. Many 
authorities separate these gases into a “Group 0” by 
themselves at the left-hand side of the table, but this does 
not change their relative positions, and the plan niay bo 
objected to on the ground that many vacant places are 
thus left in the groups VTII and 0. 

The periodic Iuav has been useful in rectifying certain 
atomic weights. At the outset Mendeleeff was obliged to 
change _ beryllium from 14-5 (assuming Be.O;,) to 9 
(assuming BeO), and later the atomic weights of indmm 
and uranium were changed to make them 'fit the system. 
All of these changes have been confii’med by physical 
means. 

Mendeleeff found a number of vacant places in his 
table, and ■was thus able to render further sex’vicc to 
chemical science by predicting the properties of undis- 
covered elements, and his predictions were very closely 
confirmed by the later discovery of scandium, gallium, 
and germanium. The table indicates that there are still 
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esting observation has just recentlj^ been made by Sodd 
that the products of radioactive disintegration appear t 
pass in a symmetrical way through positions in th 
periodic system, giving off a helium molecule at alternat 
transformations until the place of load is reached. 1 
appears, therefore, that the live vacant places in the tab! 
above bismuth are probably occupied by these evanes 
cent elements, and it is to be noticed that all of th 
elements that have been placed in this region of liig] 
atomic weights are radioactive. 

There are some inconsistencies in the periodic s5'’stein 
The increments in the atomic weights are irregular, aiic 
there are three cases, argon and potassium, cobalt anc 
nickel, and tellurium and iodine, where a higher atomic 
weight is placed before a lower one in order to bring 
these elements into their undoubtedly proper places 
There is a peculiarity also in the heavy-metal division oi 
Group YIII, where three similar elements occur in each 
of three lolaces, and where the usual periodicity appears 
to be suspended, or nearly so, in comparison with most 
of the other elements. However, there seems to be a 
still more remarkable ease of this kind in Group III, 
where fourteen metals of the rare-carths have been 
placed. They are astonishingly similar in their chemical 
IJroperties, hence it seems nccessaiy to assume that 
periodicity is suspended here throughout the wide range 
of atomic weights from 139 to 174, where no elements 
save these have been found. 

Several other interesting features of the table may bo 
pointed out. _ The chlorides and hydrides, as indicated 
by the "typical compounds,” show a regular progres- 
sion in both directions towards Group IV. (Where the 
type-formulas do not apply, as far as is known, to more 
than one or two elements, they have been placed in 
parentheses in the table given here.) It is a striking 
fact that the acid-forming elements occur together in a 
definite part of the table, and that the gases and other 
non-metallic elements, except the inactive gases of Group 
VIII, occur in the same region. 


study of the wave-leugths or frequencies of the X-rays 
produced when cathode rays strike upon anti-cathodes 
composed of different elements, Moseley in 1914 discov- 
ered that whole numbers in a simple scries can be 
attributed to the atoms. These atomic numbers are: 1 
for hydrogen, 2 for helium, 3 for lithium, 4 for beryllium, 
and so on, in the order in which the elements occur in 
Mendeleeff ’s periodic table, and in the cases of ai’gon and 
potassium, cobalt and nickel, and tellurium and iodine, 
they follow the correct chemical order, while the atomic 
weights do not. They appear to indicate, therefore, aTi 
even more fundamental relation between the atoms than 
that shown by the atomic weights. 

These numbers are now available for every element 
up to lead, and they are particulai'ly interesting in indi- 
cating, on account of missing numbers, the existence of 
two undiscovered elements in the manganese group, and 
two more among the rare-earth metals, in confirmation 
of the vacant places below lead in Mendeleeff ’s table. 

The Isolation of Elements . — In the year 1818 about 
53 elements were recognized, and since that time about 
SO more have been discovered, but the elements .already 
Icnown comprised the more common ones, and nearly all 
of those which have been commercially important. A 
few of them, including beryllium, aluminium, silicon, 
magnesium, and fluorine, were then known only in their 
compounds, as they had not yet been isolated in the free 
conclition. 

Berzelius in 1823 prepared silicon, a non-metallic 
element resembling carbon in many respects. This 
element has recently been prepared on a rather large 
scale in electric furnaces at Niagara Falls, and has been 
used for certain purposes in the form of castings. 

Wohler created much sensation in 1827 by isolating 
aluminium and finding it to be a very light, strong and 
malleable metal, stable in the air, and of a silver-white 
color. For a long time this metal was a comparative 
rarity, being prepared by the reduction of aluminium 
chloride with metallic sodium; but about 25 years ago 
Hall, an American, devised a method of i^reparing it by 


an extent that it has now come into common use. 

Wohler and Bussy prepared beryllium in 1828, and 
Liebig and Bussy did the same service for magnesium in 
1830. The latter metal has come to be of much practical 
importance, both as a very powerful reducing agent in 
chemical operations, and as an ingredient of flash-light 
powders and of mixtures used for fireworks. It is also 
used in making certain light alloys. 

After almost innumerable attempts to isolate fluorine, 
during a period of nearly a century, this was finally 
accomplished in 1886 by Moissan in France by the elec- 
trolysis of anhydrous hydrogen fluoride. The free 
fluorine proved to.be a gas of extraordinary chemical 
activity, decomposing water at once with the formation 
of hydrogen fluoride and ozonized oxygen. This fact 
explains the failure of many previous attempts to ]pre- 
pare it in the presence of water. 

Early Discoveries of Neiv Elements . — The remarkable 
activity of chemical research at the beginning of our 
period is illustrated by the fact that three new elements 
were disco’snred in 1817. In that year Berzelius had dis- 
covered selenium, Arfvedson, working in Berzelius’s 
laboratory had discovered the important alkali-inctal 
lithium, and Stromeyer had discovered cadmium. 

In 1826 Ballard in France discovered bromine in the 
mother-liquor from the crystallization of common salt 
from sea-water. Bromine proved to be an unusually 
interesting element, being the only non-metallic one that 
is liquid at ordinary temperatures, and being strikingly 
intermediate in its properties between chlorine and 
iodine. It has been obtained in large quantities from 
brines, and is produced extensively in the United States. 
The elementary substance and its compounds have found 
important applications in chemical operations, while the 
bromides have been found valuable in meclicine and 
silver bromide is very extensively used in photography. 

In 1828 Berzelius discovered thorium. The oxide of 
this metal has recently been employed extensively as the 
principal constituent of incandescent gas-mantles, and 
the element has acquired particular importance from the 


spontaneously into other elements. 

Vanadium had been encountered as early as 1801. by 
Del Rio, who named it “erythronium,” hut a little later 
it was thought to bo identical with chromium and was lo.st 
sight of for a while. In 1830, however, it was re-discov- 
ei'ed by, and received its present name from Setstriiin in 
Sweden. Berzelius immediately made i\n extensive 
study of vanadium com 2 Tounds, but ho gave them incoi’- 
rect formulas and derived an incorrect atomic Avoight for 
the clement, because ho mistook a lower oxide J'or the 
element itself. Roscoc in England in 1S()7 isolatcal 
vanadium for the first time, J'onnd the rigid atomic 
weight, and gave correct formulas to its C()m2)ound.4. 
Vanadium is particularly iidcreating from the fact l.hat 
it .displays several valencies in its compounds, many of 
which are highly colored. It lia.s found imimrlanl; usci as 
an ingredient in vovy small pro])ortions in c<udain 
“special steels” to Avhich it imparts a high degree of 
resistance to rupture by repeated shocks. 

Columbium was discovered early in the niiudiamlh 
century in the mineral columbitii from (lomuu’.ticiil; by 
Hatchett, an Englishman, wh.o did not, however, oblniii 
the pure oxide. It was afterwards ohtaine.d by Rose who 
named it niobuun. Both names for the (ileimud. are iii 
use, but the fonner has i)riority. Attention Avas calhul 
to this fact by an article in the Journal by Connell, an 
Englishman (18, 302, 1854), 

The Platinum Group of Metals . — In 1854 a noAV nuun- 
ber of the platinum groui) of metals, ruthenium, Avas dis- 
covered by Claus. Platinum had been di.se.ovoiaal about 
the middle of th.o cighteeidli oe.ui.ury, AvhiU^ its oduu' rarer 
associates, iridium, osmium, palhidium, and rhodium, had 
been recognized in the Auny early .years of the iuu(d.(‘(udh 
century. It Avas during the latter pcu'iod that platinum, 
ware began to be employed to a considei.'ahlci (vxlAud. in 
chemical operations, and tins u.so Avaa greatly extended 
as time went on. Qfiio discovery Avas made by I'liilUps 
in 1831 that finely divided platinum by c.oui.act Asuudd 
bring about the combination of sulplmr dioxide Avilh 
atmospheric oxygen, and this a^oplication during thn i)ast 
20 years has become enormously important in the sul- 
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later (43, 17, 1892 et seq.) the results of many inves- 
tions on cresium and rubidium compounds, in which 
junior writer played an important part, carried out 
Sheffield Laboratoi'}’-, were published in the Journal, 
he application of the spectroscope led to the discov- 
of thallium in 1861 by Crookes of England, and to 
t of indium in 1863 by Eeich and Richter in Geiunany. 
h of these metals are extremely rare, but they are of 
sidei’able theoretical interest. Thallium is particu- 
y remarkable in showing resemblances in its different 
ipounds to several groups of metals, 
he spectroscope was employed again in connection 
i the discovery of gallium in 1875 by Boisbaudran. 
s in the same periodic group as thallium and indium, 

. it has a remarkably low molting point, just above 
inary room-temperature. It has been among the 
est of the rare elements, but within two or three years 
)urce of it has been found in the United States in cer- 
1 residues from the refining of commercial zinc. The 
3 nt issues of the Journal (41, 351, 1916; 42, 389, 1916) 
w that Browning and Uhlcr of Yale have availed 
inselves of this new material in order to make import- 
chemical and physical researches upon this metal. 
iermanium . — The discovery of germanium in the min- 
l arg'yrodite in 1886 by 'Winkler revealed a curious 
tal which gives a white sulphide that may be easily 
itaken for sulphur and which is volatilized completely 
311 its hydrochloric acid solution is evaporated, so that 
s evasive in analytical operations. This element had 
n predicted with much accuracy by Mendeleeff, and 
3 rather closely related to tin. 

i few years after the discovery of germanium, Pen- 
d published in the Journal (46, 107, 1893; 47, 451, 
4) some analyses of argyroclitc, correcting the for- 
la given by Winkler to the mineral; also he described 
ifieldite, an analogous mineral from Bolivia, in which 
irge part of the germanium was replaced by tin. 

Yie Rare Earths . — Before the year 1818 two rare 
tlis, the oxides of yttrium and cerium, were known 
an impure condition. Since that time about fourtoon 
ers have been discovered as associates of the first 
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many of them are always found mixed together in the 
minerals containing them, and also from the circum- 
stance that most of them are remarkably similar in their 
chemical reactions and consequently exceedingly difficult 
to separate from each other. In many cases multitudes 
of fractional precipitations or crystallizations are needed 
to obtain pure salts of a number of these metals. The 
solutions of the salts of several of these elements give 
characteristic absorption bands when examined spectro- 
scopically by the use of transmitted light. 

No important practical application has been found for 
any of these earthy oxides, except that about one per cent 
of cerium oxide is mixed with thorium oxide in incandes- 
cent gas-mantles in order to obtain greatly increased 
luminosity. 

The Inactive Gases . — As long ago as 1785, Cavendish, 
that remai’kable Englishman who first weighed the world 
and first discovered the composition of water, actually 
obtained a little argon in a pure condition by sparking 
atmospheric nitrogen with oxygen converting it into 
nitric acid (another discovery of his) and absorbing the 
excess of oxygen. The volume of this residual gas as 
estimated by him corresponds very closely to the volume 
of argon in the atmosphere, as now known. 

It was more than a century later, in 1894, that Rayleigh 
and Ramsay discovered argon in the air. Lord Rayleigh 
had found that atmospheric nitrogen was about one-half 
per cent heavier than chemical nitrogen, a fact which led 
to the investigation. It was only necessary to repeat 
Cavendish’s experiment on a large scale, or to absorb 
oxygen with hot copper and nitrogen with hot mag- 
nesium, in order to obtain argon. The gas attracted 
much attention, both on account of having but a single 
atom in its molecule, and particularly because it failed to 
enter into chemical combination of any kind. This gas 
has been used of late for filling the bulbs of incandescent 
electric lamps in cases where a gas-pressure without 
chemical action is desired. 

In 1890 and 1891, Ilillebrand published in the Journal 
40 , 384, 1890: 42 , 390, 1891) a series of analyses of the 
mineral uraninite and reported in some samples of the 


I-Iillcbrjind oxtimiiicd tlio gns spectroscopically but, just 
missing an important discovery, he detected only tlio 
spectrum linos of nitrogen. Ramsay, in searching' for 
argon in some sort of natural combination, and doubt- 
less remembering' Hillcbrand’s Avork, heat('d some 
clcvcitc, a variety of nraninitc, and obtained, not argon, 
but a new gas. This ga^m a yelloAV specti'um-line cor- 
responding to a lino previously observed in the liglit of 
the sun’s corona and attribvitcKl to an elenuMit in tb(i sun 
called helium. Ileliuin, therefore, in IShf) had Ixuui found 
on the earth. This ga.s i.s a constant constituent of 
ur.anium minerals, as it is produced by tlui brcaiking down 
of radioactive elements. Tt has been found in veu'y small 
qimntity in the atmospliere, and is the. juost difrunilt of all 
known gases to liquefy, as its boiling ]n)int, as shown by 
Onne.s in 190H, i.s only 4" alxns! tlm al)solute zero. It has 
not yet been solidified. 

In 1898 Ramsay and Hh'aviu’s, by the use of ingenious 
methods of fract.ional distillation and absorption by char- 
coal, obtained three other much rai'or inactive gases 
from the atmospliere Avhicli they called neon, kvy[)ton and 
xenon. 

T’he inaetlA'O gases are all colorless, and as they form 
no chemical compounds they a.re characleri'ziid by Huur 
densitios, Avhich give ilieir atomic weights, by their boil- 
ing points, and by their characteristic (leissler-tulie S])(X!- 
tra. 

The gaseous radium cinanation, or niton, belongs also 
to the 'inactive group, and it Avas also colhuitiul and 
studied by Ramsay Avho Avas eoinpelled to Avork Avith only 
O'OOOt ce. of it, as tlie volume obtuiiu'd by heating radium 
salts is very small. It is an evanescent ehuuent, disap- 
pearing Avith in a, f(uv days on aecount of radioactiAui dis- 
integration. MhaiiAvliile it glows brilliantly Avlien liipu'- 
fied and cooled to the toniperatnre of litpiid air. It has 
an atomic Aveight of 222, four units hcIoAV that of I’adiuin, 
and_ the difference is considered as due to the loss by 
radium^ of an atom of helium in ])ussing into the 
emanation. 

The JlaclioacAive Elements . — The discoAuu'y of radium 
in 1898 by Madame Curie, and the study of that and other 


upon chemical theory. It was found that the two ele- 
ments of the highest atomic weights, uranium and 
thorium, are always spontaneously decomposing into 
other elements at a fixed rate of speed which can he con- 
trolled by no artificial means, and that the elements 
resulting" from these decompositions likewise undergo 
spontaneous changes into still other elements at greatly 
varying rates of speed, forming in each case a remark- 
able series of temporary elements. These transforma- 
tions are accompanied by the emission at enormous 
velocities of three kinds of rays, one variety of which has 
been show to consist of helium atoms. The greater 
number of the elements formed in these transformations 
have not as yet been obtained in a pure condition, and 
they arc known only in connection with their radio- 
activity, volatility, etc. ; but radium and niton, two of 
these products, have been obtained in a pure condition, 
so that their atomic weights and their places in the 
periodic system have been fixed. 

We owe much of our knowledge of the radioactive 
transformations to the researches of Rutherford and of 
Soddy, and of their co-worlcers, but one of the important 
products of the transformation of irranium, an clement 
which he called ionium, Avas characterized by Boltwood of 
Yale (25, 365, 1908). 

Radium and niton, apart from their radioactive prop- 
erties, resemble barium and the inert gases of the atmos- 
phere, respectively. The rates at which their progeni- 
tors produce them, and the rates at which they themselves 
decompose, bring about a state of equilibrium after a 
time. Therefore a ghmn amount of uranium, Avhich 
decomposes exceedingly slowly, can yield even after 
thousands of years only a very small proportional 
quantity of undecomposod radium, one-half of which 
disappears in about 2500 years, hecanse the amount 
decomposed must eventually ho equal to the amount pro- 
duced. The first conclusive evidence that radium is a 
product of the decomposition of irranium was given by 
Boltwood in the Journal (18, 97, 1904). Ho found that 
all uranium minerals contain radium; and the amount 
of radium present is always proportional to the amount 


the two. 

Ill easo oi; niton, wliicli ia iiroduccd by radiuin, and 
is calk'd also tlio vaduini oiuanatiou, tlio rat(i oi' decay ia 
rapid, so iliat ii tlio p,'aR ia oxpidlod from radiuni by boat- 
in.a', oqnilibrinni ia roaclu'd ailnr a. i'ow days, with tlio 
aeevnnulaiion oi tlio lavA’ost iiosaiblo amornit of niton. 

The conclusion has boi'u roaoliod by Rutlicrford and 
othora that tlio final pi'oduc'.t bosidos holiuiu, in tho vadio- 
activo tvanaforiiiaiiona, ia h'ad, oi.’ at loaat an oloniont 
or oh'UK'iita roaoniblin^;’ h'ad to such a do;^'roo that no 
aoparation of tlii'in by clioniical moans ia iiossiblo. 
Atomic woip,'ht doti'rmiiiationa liy liichai'da and otliora 
have shown that a]iociin('ns of h'ad found in radioactive 
niiiu'rala juivo distinctly difCi'ri'ut atomic wcifulits from 
tiuit of ordinary load. Idiia fact has led to tho view that 
possibly the atoms of tho olouu'nls aro not all of tho same 
woi,i>h(;, but vary within cortain limits — a. view that ia 
contrary to iiroviovis coiiclusioiis dorivaid from the uni- 
formity in atomic wi'i^hts obtained with material from 
many difh'ri'iit sources. 

Tho rosnlts of tho invc'stl^'ntiona upon radioactivity 
havo led to moditii'd views in re/;'ard to tho stability of 
tho olonK'nts in fi,'onoral. Tlii'ro has boon little or no 
proof obtained that any artificial transmutatiou of tho 
olomonfs is possible, but tho apontaneouH transformation 
of tho radioactive olomouts brinf;'S forward tho yiossibility 
that other eh'monta aro chan,ii>lu,i;,‘ imporce])tibly, mid that 
a state of ovolut.ion exists amoiifi: them. All of the radio- 
aetivo ohan,ij;'os that we know pi'oci'od from higher to 
lower atomic wc'i^rhts, and wo an' ('iitii'cly igmoraut of tho 
process hy Avliioh uranium and thorium must have lieon 
produced orif^iimlly. 

8ince radioactive chan^tos have heen found to bo 
aceonipanied by tho rob'aso. of vast ainounts of om'r.iry. 
compared with wliioh tlio oiK'ray of' chi'mioal reactions is 
trivial, a now asiicet in n'jn'ard to the structnro ot' atoms 
has arisen,— thoy must 1io eom]ilox in struotni’e, tho seats 
of enormous ener^^'y. 

The determination of the amount of radium in tlio 
earth’s crust has indieated that the heat pi'oduoed hy it; is 
amply suffunont to sipiply the loss of heat duo to radin- 

so 



so that the older views regarding the limitation ot the 
age of the earth and the solar system on account of loss of 
heat have been considerably modified by our knowledge 
of radioactivity. 

Physical Chemistry* 

The application of physical methods as aids to chem- 
ical science began in early times, and some of these, such 
as the determinations of gas and vapor densities, specific 
heats, and crystalline forms have been mentioned already 
in this article. Within recent times physical chemistry 
has greatly developed and a few of its important achieve- 
ments will now be described. 

Molecular Weight Determinations . — Gas and vapor 
densities in connection with Avogadro’s principle, 
formed the only basis for molecular weight determina- 
tions until comparatively recent times. The early 
methods of Gay-Lussac and Dumas for vapor density 
were supplemented in 1868 by the method of Hofmann, 
whereby vapors were measured under diminished pres- 
sure over mercury. In 1878 Victor Meyer introduced a 
simpler method depending* upon the displacement of air 
or other gas by the vapor in a heated tube. As refrac- 
tory tubes, such as those of porcelain or even iridium, 
could be used in this method, molecular weights at 
extremely high temperatures were determined with inter- 
esting results. For instance, it was found that iodine 
vapor, which shows the molecule I 2 at lower tempera- 
tures, gradually becomes monatomic with rise in tem- 
perature, that sulphur vapor dissociates from Sg to S 2 
under similar conditions, and that most of the metals, 
including silver, have monatomic vapors. 

In 1883 and later it was pointed out by Haoult that the 
molecular weights of substances could be found from the 
freezing points of their solutions, but this method was 
complicated from the fact that salts, strong acids and 
strong bases behaved quite differently from other sub- 
stances in this respect, and allowances had to be made for 
the types of substances used. The complication was 


henius. Better apparatus for this method was soon 
devised by Beckmann, who introduced also a method 
depending upon the boiling points of solutions, and these 
two methods are still the standard ones for determining 
molecular weights in solution. They are very exten- 
sively employed by organic chemists. 

It has been found that the majority of substances when 
dissolved have the same molecular weight as in the 
gaseous condition, provided that they can be volatilized 
at comparable temperatures. For instance, sulphur in 
solution has the formula S^, iodine is I 2 and the metals 
are monatomic. 

Van’t Hoff’s Law o,nd Arrhenius’s Theory of Ions . — 
Modern views on solutions date largely from 1886, when 
van’t Hoff called attention to the relations existing 
between the osmotic pressure exerted by dissolved sub- 
stances and gas pressure. 

Pfeffer, a botanist, was the first to measure osmotic 
pressure (1877). Basing his conclusions chiefly upon 
Pfeffer ’s determinations, van’t Hoff formulated a new 
and highly important law, which may be stated as fol- 
lows: The osmotic pressure exerted by a substance in 
solution is equal to the gas pressure that the substance 
would exert if it were a gas at the same temperature and 
the same volume. Further investigations have fully 
established the fact that molecules in dilute solution obey 
the simple laws of gases. 

It was pointed out by van’t Hoff that salts, strong 
acids and strong bases showed marked exceptions to his 
law in exerting much greater osmotic pressures than 
those calculated for them. 

The next year in 1887, Arrhenius explained this abnor- 
mal behavior of salts, strong acids and strong bases by 
assuming that they dissociate spontaneously into ions 
when they dissolve, and that these more numerous par- 
ticles act like molecules in producing osmotic pressure. 
He showed that these exceptional substances all conduct 
electricity in solution, while those conforming with van’t 
Hoff’s law do not, and according to his theory the ions 
become positively or negatively charged when they are 
formed, and these charged ions conduct the current. 



For esample a molecule of sodium chloride Avas supposed 
to give the two ions Na+ and Cl“ thus exerting tAvice as 
much osmotic pressure as a single molecule. 

Determinations of osmotic pressure or related values, 
such as depression of the freezing point and of electric 
conductivity, indicated that ionization could not he 
regarded as complete in any case except in exceedingly 
dilute solutions, and that the extent of ionization varied 
with different substances. The fact that osmotic pres- 
sures and electric conductivities gave closely agreeing 
results in regard to the extent of ionization in various 
cases, is the strongest evidence in support of the theory. 

It was difficult at first for many chemists to believe 
that atoms, such as those of sodium and chlorine, and 
groups such as NH^ and SO 4 could exist independently 
in solution, even though electrically charged. HoAvever, 
the theory rapidly gained ground and is noAv accepted 
by nearly every chemist as a satisfactory explanation of 
many facts. 

During recent years, many investigations relating to 
osmotic pressure and ionization have been carried out in 
the United States, but only the Avork of Morse, A. A. 
Noyes, and the late H. C. Jones can be merely alluded to 
here. It should be mentioned that the eminent author 
of the ionic hypothesis gave the Silliman Memorial course 
of lectures at Yale in 1911 on Theories of Solution. 

Colloidal SohtUons. — Graham, an English chemist, in 
1861 was the first to make a distinction betAveen sub- 
stances forming true solutions, which he called crystal- 
loids, and those of a gummy nature resembling glue, 
which in solution do not diffuse readily through parch- 
ment membranes, as crystalloids do, and which he called 
colloids. The separation of colloids by means of parch- 
ment was called dialysis, and this process has come into 
extensive use in preparing pure colloidal solutions. 
Slow diffusion is noAV regarded as characteristic of col- 
loids rather than their gummy condition. 

Colloidal solutions occupy an intermediate position 
between true solutions and suspensions, resembling one 
or the other according to the idnd of colloid and the fine- 
ness of division. By preparing filters with pores of 
varying degrees of fineness, Bechold has been able to 


separate colloids from each otlier in accordance with the 
size of their particles. It has also been possible to pre- 
pare different solutions of a colloid varying gradually 
from one in which the particles were undoubtedly in sus- 
pension to one wliieh laid many of the properties of a 
true solution. 

Beginning in 1889, Carey Tjoa described in the Journal 
37 , 47(), 1889 ct scq.) a variety of nietliods for preparing 
colloidal solutions of the metals, consisting in general of 
treating solutions of metallic salts with mild reducing 
agents. Ilis work on colloidal silver was particularly 
extensive and interesting. Solutions of this kind luwo 
1 ‘ccontly yielded some (ixtremely hd;eresting residts by 
means of the ultra-microscope, an apparatus devised by 
Zsigmondy and Sicalentopf. A very intense beam of 
light is passed through the solution and obsevrved at right 
angles wltli a powerful raicroscoix',. ITnder these condi- 
tions, iiarticles much too small to l)o seen by otlier means, 
I'oveal their presenco by reflected light. It has been yioa- 
slble in a very dilute solul.ion of known strength t.o count 
the partich^s and thus to calculate their size. I'he small- 
est colloidal parl.icles measured in this way were of gold 
and were shown to have ap])ro.\'imat(',ly ten tinuis tho 
diameter, or 1000 times the volume, atti'iluited to ordi- 
nary molecules. It is of interest that the particles 
appear in rapid motion corresponding to tho well-known 
Brownian movement,. 

The chemistry of colloids has now assumed such 
importance that it may ho considered as a sciparato 
branch of the science. It has ii;H own technical ;journal 
and deals largely with tho chemistry of organic products. 
All living matter is built iip of c.olloids, and hicmoglobin, 
starch, proteins, rubber and milk arc cxainples of col- 
loidal substances or solutions. Among inorganic sub- 
stances, many sulphides, silicic acid, and tho amorphous 
hydroxides, like ferric liydroxido, frequently acit as 
colloids. 

Laiv of Mass-Action . — Berthollnt about tho beginning 
of the last century was the first chemist to study the 
effect of mass, or more correctly, tho concentration of 
substances on chemical action. Ilis views sunimari'/ed 
by himself are as follows: “Tho chemical activity of a 
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incorrect conclusion that the composition of chemical 
compounds depended upon the masses of the substances 
combining to produce them, a conclusion in direct con- 
tradiction to the law of definite proportions, and since 
this view was soon disproved by Proust and others, 
Berthollet’s law in its other applications received no 
immediate attention. Mitchell, however, pointed out 
in the Journal (16, 234, 1829) the importance of 
Berthollet’s work, and Heinrich Eose in 1842 again 
called attention to the effect of mass, mentioning as one 
illustration the effect of water and carbonic acid !in 
decomposing the very stable natural silicates. Some- 
what later several other chemists made important contri- 
butions to the question of the influence of concentration 
upon chemical action, but it was the Norwegians, Guld- 
berg and Waage, who first formulated the law of mass 
action in 1867. 

This law has been of enormous importance in chemical 
theory, since it explains a great many facts upon a 
mathematical basis. It applies particularly to equilib- 
rium in reversible reactions, where it states that the 
product of the concentrations on the one side of a simple 
reversible equation bears a constant relation to the 
products of the concentrations on the other side, provided 
that the temperature remains constant. In cases of this 
kind where hvo gases or vapors react with two solids, 
the latter if always in excess may be regarded as con- 
stant in concentration, and the law takes on a simpler 
aspect in applying only to the concentrations of the 
gaseous substances. For example, in the reversible 
reaction 

3Fe + 4n,0:il±Fe,0. 4H„ 

which takes place at rather high temperatures, a definite 
mixture of steam and hydrogen at a definite temperature 
will cause the reaction to proceed with equal rapidity in 
both directions, thus maintaining a state of equilibrium, 
provided that both iron and the oxide are present in 
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hydrogen and steam are clumgod, or even if the tempera- 
ture is changed, the reaction will proceed faster in ono 
direction than in the other until eepiilibrium is again 
attained. 

The principle of mass-action also explains why it is 
sometimes possible for a reversible reaction to becomo 
complete in cither direction. For instance, in connec- 
tion with the reaction that has just been considered, if 
steam is passed over heated iron and if hydrogen is 
passed over the heated oxide, the gaseous product in each 
case is gradually carried aAvay, and the reaction contin- 
ually proceeds faster in ono direction than in. the otlior 
until it is complete, according to the equations 

3Fo -I- 411/) ^ dFc^O, -I- .III, and 

Fe.O. -I- 4II, aFe -|- 4II,0. 

Many other well-known and imyxirtant facts, both 
chemical and physical, depend upon this law. It explains 
the circumstance that a vaiior-pre.s.siiro is not dcquuKlent 
upon the amount of the liquid that is present; it also 
explahus the constant dissociation pressure of calcium 
carbonate at a given temperature, iri'esi)e.ci,ive of tlui 
amounts of carbonate and oxide; pres(!nt; in comiectiou 
with the ionic theory, it furnishes tin; rcuison for tlio 
varialilc solubility of salts dm; to Die pres(;n(;(; of elec- 
trolytes containing i{;ns in c.ommon ; and it eluchbites 
Henry’s law whiclr states tha,t t.lu; solubilities of gases are 
proportional to their ])r(;ssures. 

Ostwald, more than any oth(;r chemist, has b(;en instru- 
mental in making general apy)lications of this law, and In; 
made pai,’ticubiidy extensive; use of it in connection with 
analytical chemistry in a book upon this subject which ho 
pulilishod. 

The Phase Rule . — In 187G Willard Gibbs of Yale pub- 
lished a paper iir the I’rocecdings of the Connecticut 
Academy of Science on the “Fr'inilibriurn of Iloteroge- 
neous Sirbstarrce.s, ” and two years later ho publisln.'d an 
abstract of the article in the Journal (16, 441, 1878). He 
had discovered a new law of nature of moTn(;ntouH 
importance and wide application which is called the 


lorrauia. 

The application of this great discovery to chemical 
theory was delayed for ten years, partly, perhaps, 
because it was not sufficiently brought to the attention of 
chemists, but largely it appears because it was not at 
first understood, since its presentation was entirely 
mathematical. 

It was Rooseboom, a Dutch chemist, who first applied 
the phase-rule. It soon attracted profound attention, 
and the name of Willard Gibbs attained world-wide fame 
among chemists. When Nernst, who is perhaps the most 
eminent physical chemist of the present time, was deliv- 
ering the Silliman Memorial Lectures at Yale a few years 
ago, he took occasion to place a wreath on the grave of 
Willard Gibbs in recognition of his achievements. 

To understand the rule, it is necessary to define the 
three terms, introduced by Gibbs, phase, degrees of free- 
dom and component. 

By the first term, is meant the parts of any system of 
substances which are mechanically separable. For 
instance, water in contact with its vapor has two phases, 
while a solution of salt and water is composed of but one. 
The degrees of freedom are the number of physical con- 
ditions, including pressure, temperature and concentra- 
tion, which can be varied independently in a system 
without destroying a phase. The exact definition of a 
component is not so simple, but in general, the com- 
ponents of a system are the integral parts of which it is 
composed. Any system made up of the compound HoO, 
for instance, whether as ice, water or vapor, contains but 
one component, while a solution of salt and water con- 
tains tMm. Letting P, F. and 0 stand for the three terms, 
the phase-rule is simply 

P=G+2— P 

that is, the number of degrees of freedom in a system in 
equilibrium equals the number of components, plus two, 
minus the number of phases. The rule can be easily 
understood by means of a simple illustration. In a sys- 
tem composed of ice, water and water-vapor, there are 
three phases and one eomp)onent and therefore 






Sucli a system has no degrees of freedom. This means 
that no physical condition, pressnre or temperature can 
be varied without destroying a phase, so that such a sys- 
tem can only exist in equilibrium at one fixed tempera- 
ture, with a fixed value for its vapor-pressuro. 

For instance, if the system is heated above the fixed 
temperature, ice disappears and if the pressure is raised, 
vapor is condensed. If this same system of water alone 
contains but tAvo phases, for instance, liqiiid and vapor, 
F — 1 -|- 2 — 2 = 1, or there is one degree of freedom. 
In such a system, one physical condition such as tempera- 
ture can be varied independently, but only one, without 
destroying a phase. For instance, the temperature may 
be raised or loAvered, but for every value of temioerature 
there is a corresponding Amlue for the vapor pressure. 
One is a function of the other. If both values are varied 
independently, one phase Avill disappear, either vapor 
condensing entirely to water or the reverse. .Finally if 
the system consists of one phase only, as water vapor, 
F = 2, or the system is divariant, AAdiieh means that at 
any gmen temperature it is possible for vapor to exist at 
varying pressures. 

The illustration Avhich has been gwon relates to physi- 
cal equilibrium, but the rule is applicable to cases involv- 
ing chemical changes as well. In comparing the 
phase-rule A?ith the laAV of mass action, it Avill be noticed 
that both have to do Avith equilibrium. The groat advan- 
tage of the former is that it is entirely independent of the 
molecular condition of the substances in the different 
phases. For instance, it makes no difference so far as 
the application of the rule is concerned, whether a sub- 
stance in solution is dissociated, undissociated or com- 
bined Avith the solvent. In any case, the solution 
constitutes one phase. On the other hand, the rule is 
purely qualitatiAm, giving information only as to whether 
a gwen change in conditions is possible. The laAV of 
mass action is a quantitative expression so that when the 
value of the constant is once knoAAUi, the change can be 
calculated Avhich takes XDlace in the entire system if the 
concentration of one substance is varied. The law, how- 
ever, requires a knoAvledge of the molecular condition of 


known, and cnicUy on mis accouni nas, luw putiBc- 
rulc, often only a qualitative significance. 

The phase rule has served as a most valuable means 
of classifying systems in equilibrium and as a guide in 
determining the possible conditions under which such 
systems can exist. As illustrations of its practical appli- 
cation, van’t Hoff used it as an underlying principle in 
his investigations on the conditions under which salt 
deposits have been formed in nature, and Rooseboom was 
able by its means to explain the very complicated rela- 
tions existing in the alloys of iron and carbon wdiich form 
the various grades of wrought iron, steel and cast iron. 

Thermochemisiry . — This branch of chemistry has to 
do with heat evolved or absorbed in chemical reactions. 
It is important chiefly because in many cases it furnishes 
the only measure we have of the energy changes involved 
in reactions. To a great extent, it dates from the dis- 
covery by Hess in 1840 of a fundamental law which states 
that the heat evolved in a reaction is the same whether it 
takes place in one or in several stages. This law has 
made it possible to calculate the heat values of a large 
number of reactions which cannot be determined by 
direct experiment. 

_ Thermochemistry has been developed by a compara- 
tively few men who have contributed a surprisingly 
large number of results. Havre and Silbermann, begin- 
ning shortly after 1850, improved the apparatus for cal- 
orimetrie determinations, which is called the calorimeter, 
and published many results. At about the same time 
Julius Thomsen, and in 1873 Berthelot, began their 
remarkable series of publications which continued until 
recently. Thomsen’s investigations were published in 
1882 in 4 volumes. It is probably safe to say that the 
greater part of the data of thermochemistry was obtained 
by these two investigators. The bomb calorimeter, an 
apparatus for determining heat values by direct combus- 
tion, was developed by Berthelot. The recent work of 
Mixter at Yale, published in the Journal, and of Rich- 
ards at Harvard should be mentioned particularly. 
Mixter ’s work in this field began in 1901 (12, 347). 
using an improved bomb calorimeter, he has developed a 


iliULuua uj. tiuLcrmiiuiig uno neais oi lormation oi oxiaes 
by combustion witli sodium peroxide. By this same 
method as well as by direct combustion in oxygen, he has 
obtained results wliich appear to equal or excel in accu- 
I'acy any which luivo ever been obtained in his held of 
work. Itichards’s work has coiisistcd largely of improve- 
ments in Jipparatus. lie developed the so-called adia- 
bajic calorimeter which practically eliminates one of tho 
cliief errors in thermal work caused by the heating or 
cooling effect of the surroundings. This modilication is 
being generally adopted whore extremely accurate work 
is required. 


Oy(/<iiiic Chemistry, 

One hundred years ago qualitative tests for a few 
organic compounds were Icnown, tho elements usually 
occurring in thorn weiai recognized, and some of tlunu liad 
l)cen analyzed quantitatively, but organic chemistry was 
far less advanced than inorganic, and almost tho whole of 
its enormous development has taken place during our 
period. 

Berzelius madii a grea t advance in tlie subjoc.t by estab- 
lishing the fact, which had Ixam doubted previously, that 
the elenumts in organic c.ompounds are combined in con- 
stant, delinite proportions. In Liebig brought to 
light tho exceedingly important fact of isomcuasin by 
showing that silver fvdminate had the samo percen- 
tage comi')oaition as silve.r cyanate, a compound of very 
different proyjerties. Isomeric compounds wil.h identical 
molecular weight as well as the same composition have 
since. l)cen found in very many oas(\s, and they have 
played a most important part in deticumiining tho 
arrangements of atoms in molecules. They have been 
found to bo very numerous in many cases. Ifor instance, 
three pentanes with the formula 0^,11, o are known, all 
that are possible according to theory, and in each case 
tho structure of tho molecule has been established. On 
theoretical grounds it has been calculated that 802 
isomeric compounds with tho formula are possi- 

ble, while with more complex formulas the numbers of 
isomers may be very much greater. 
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A particularly interesting case of isomerism was 
observed by Wohler in 1828, when he found that ammo- 
nium cyanate changes spontaneously into urea 

(NIhCNO — > NJhCO), 

This was the first synthesis of an organic compound from 
inorganic material, and it overthrew the prevailing view 
that vital forces were essential in the formation of 
organic substances. A great many natural organic com- 
pounds have been made artificially since that_ time, and 
some of them, such as artificial alizarin, mdigo, oil of 
wintergreen, and vanillin, have more or loss fully 
replaced the natural products. The _ preparation of a 
vast number of compounds not known in natiire, many of 
which are of practical importance as medicines, dyes, 
explosives, etc., has been another groat achievement of 
organic chemistry. 

The development of our loresent formulas for oi’ganic 
compounds, by means of which in many cases the rela- 
tive positions of the atoms can be shown with the great- 
est confidence, has been gradual. Formulas based on the 
dualistic idea of Berzelius were used for some time, typo 
formulas, with the employment of compound radicals, 
came later, the substitution of atoms or groups of atoms 
for others in chemical reactions came to bo recognized, 
but one of the most important steps was the recognition 
of the qnadrivalcnce of carbon and the general applica- 
tion of valency to atoms by Keknle about 1858. This led 
directly to the use of modern structural formulas which 
have been of the greatest value in the tlicorctical inter- 
pretation of organic reactions. It wa.s Kckule also who 
proposed the hexagonal ring-formula for hcnzo.no, C|,IIn, 
Avhich led to exceedingly important theoretical and prac- 
tical developments. The details of the formulas for 
many other rings and complex strnctnres have boon estab- 
lished since that time, and there is no donbt that the 
remarkable achievements in organic chemistry during the 
past sixty years have been much facilitated by the use of 
these formulas. 

Many important researches in organic chemistry have 
been carried out in the United States, and the activity in 
this direction has greatly increased in recent years. In 



aecomplislicd in tlio Sheffield Laboratory, at present 
under the guidance of Professor T. B. Johnson, should be 
mentioned. 

It has happened that comparatively few publications 
on organic chemistry have appeared in the Journal, but 
it may be stated that the preparation of chloroform and 
its physiological effects were described by G-uthrie (21, 
64, 1832). IJnknoAvu to him, it had been prepared by 
Souberain, a French chemist, the previous year, but the 
foi'mer was the first to describe its physiological action. 
Silliman gave a sample to Doctor Eli Ives of the Yale 
Medical School, who irsed it to relieve a case of asthma. 
This was the first use of chloroform in medical practice 
(21, 405, 1832). Guthrie also described in the Journal 
(21, 284, 1832) his ncAV process for converting potato 
starch into glucose, a method Avhich is essentially the 
same as that used to-day in commrting cornstarch into 
glucose. Lawrence Smith (43, 301, 1842 et seq.), Hors- 
ford (3, 3G9, 1847 et seq.), Sterry Hunt (7, 399, 1849), 
Carey Lea (26, 379, 1858 et seq.), Remsen (5, 179, 1873 et 
seq.), and others have contributed articles on organic 
chemistry. 

Agricultural Chemhfry, 

Until near the middle of the nineteenth century, it was 
believed that plants, like animals, used organic matter for 
food, and depended chiefly upon the humus of the soil 
for their groAvth. This view was held even long after it 
was known that plant leaves absorb carbon dioxide and 
give off oxygen, and after the ashes of plants had been 
accurately analyzed. 

This incorrect view Avas overthrown by the celebrated 
German chemist, Liebig, Avho made many investigations 
upon the subject, and, properly interpreting previous 
knoAvlcdge, published a book in 1840 upon the applica- 
tion of chemistry to agriculture and physiology in Avhich 
he maintained that the nutritive materials of all green 
plants are inorganic substances, namely, carbon dioxide, 
water, ammonia (nitrates), su^Dhates, phosphates, silica, 
lime, magnesia, potash, iron, and sometimes common salt. 
He dreAvthe vastly important conclusion that the effective 



inorganic substances tnat nave been exlianstcd by tne 
crops. 

The fundamental principles set forth by Liebig have 
been confirmed, and it has been found that the fertilizing 
constituents most commonly lacking in soils are nitrogen 
compounds, phosphates, and potassium salts, so that 
these have formed the important constituents of artificial 
fertilizers. Liebig himself found that humus is valuable 
in soils, because it absorbs and retains the soluble salts. 

The foundation established by Liebig in regard to arti- 
ficial fertilizers has led to an enormous application of 
these materials, much to the advantage of the world’s 
food-supply. 

It was Liebig’s belief, in accordance with the prevail- 
ing views, that decay and putrefaction as well as 
alcoholic and other fermentations were spontaneous 
processes, and when the eminent French clicmist, Pas- 
teur, in 1857, explained fermentation as directly caused 
by yeast, an epoch-making discovery which led to the 
explanation of decay and putrefaction by bacterial action 
and to the germ-theory of disease, the explanation was 
violently opposed by Liebig and other German chemists. 
Pasteur’s view prevailed, hoAvever, and since that time 
it has been found that various kinds of bacteria are 
responsible for the formation of ammonia from nitro- 
genous organic matter and also for the change of ammo- 
nia into the nitrates that are available as plant-food. 

The long-debated question as to the availability of 
atmospheric nitrogen for plant-food was settled in 1880 
by the discovery of Hellriegel that bacteria contained in 
nodules on the roots, especially of leguminous plants, are 
capable of bringing nitrogen into combination and fur- 
nishing it to the plants. 

No more than^ an allusion can be made to agricultural 
e:^erhnent stations where soils, fertilizers, foods and 
other products arc examined, and Avhere other problems 
connected with agriculture are studied. 

The late S. W. Johnson of Yale studied with Liebig 
and subsequently did much service for agricultural chem- 
istry in this country, by his investigations, his teaching, 
and his writings. His book, “How Crops Grow,” pub- 


of agricultural chemistry. He did much to bring about 
the establishment of agricultural experiment stations in 
this country, and for a long time he was the director of 
the Connecticut Station. 

In the Journal, as early as 1827, Amos Eaton (12, 370) 
published a simple method for the mechanical analysis 
of soils to determine their suitability for wheat-culture, 
and Hilgard, between 1872 and 1874, described an elab- 
orate study of soil-analysis. J. P. Norton, a Yale 
professor, in 1847 (3, 322) published an investigation 
on the analysis of the oat, which was awarded a prize of 
fifty sovereigns by a Scotch agricultural society, while 
Johnson, Atwater, and others have contributed articles 
on the analysis of various farm products. 

Industrial Acids and AUcalies, 

One hundred years ago sulphuric acid was manufac- 
tured on a comparatively very small scale in lead 
chambers. In 1818, an English manufacturer of the 
acid introduced the modei’n feature of using pyrites in 
the place of brimstone, while the Gay-Lussac toAver in 
1827 and the Glover toAver in 1859 began to be applied as 
great improvements in the chamber process. Within 
about twenty years the contact process, employing plat- 
inized asbestos, has replaced the old chamber process to 
a large extent. It has the adA'^antage of producing the 
concentrated acid, or the fuming acid, directly. 

During our period the manufacture of sulphuric acid 
has increased enormously. Very large quantities of it 
have been used in connection with the Leblanc soda pro- 
cess in its rapid development. It came to be employed 
extenswely for absorbing ammonia in the illuminating- 
gas industry, which was in its infancy one hundred years 
ago. New industries such as the manufacture of “super- 
phosphates” as artificial fertilizers, the refining of petro- 
leum, the manufacture of artificial dyestuffs and many 
other modern chemical products have greatly increased 
the demand for it, while its employment in the production 
of nitric and other acids, and for many other purposes 
not already mentioned, has been very great. 

The manufacture of nitric acid has been greatly 



many otlier purposes. Chile saltpeter became available 
for making it about 1.852. This acid has been manufac- 
tured recently from atmospheric nitrogen and oxygen by 
combining them by the aid of powerful electric dis- 
charges. This process has been used chiefly in Norway 
where water-power is abundant, as it requires a large 
expenditure of energy. A still more recent method for 
the production of nitric acid depends upon the oxidation 
of ammonia by air with the aid of a contact substance, 
such as platinized asbestos. 

The production of ammonia, which was very small a 
hundred years ago, has been vastly increased in connec- 
tion with the development of the illuminating-gas indus- 
try and the employment of by-product coke ovens. This 
substance is very extensively used in refrigerating 
machines and also in a great many chemical operations, 
including the Solvay soda-process. Ammonium salts 
are of great importance also as fertilizers in agriculture. 
The conversion of atmospheric nitrogen into ammonia 
on a commercial scale is a recent achievement. It has 
been accomplished by heating calcium carbide, an elec- 
tric-furnace product made from lime and coke, with nitro- 
gen gas, thus producing calcium cyanamide, and then 
treating this cyanamide with water under proper condi- 
tions. Another method devised by Haber consists in 
directly combining nitrogen and hydrogen gases under 
high pressure with the aid of a contact substance. 

Leblanc’s method for obtaining sodium carbonate from 
sodium chloride by first converting the latter into the 
sulphate by means of sulphuric acid and then heating the 
sulphate with lime and coal in a furnace was invented 
as early, as 1791, but it was not rapidly developed and did 
not gain a foothold in England until 1826 on account of a 
high duty on salt up to that time. Afterwards the 
process flourished greatly in connection with the sul- 
phuric acid industry upon which it depended, and with 
the bleaching-powder industry which utilized the hydro- 
chloric acid incidentally produced by it, and, of course, 
in connection with soap manufacture and many other 
industries in which the soda itself was emiDloyed. 
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ihe Leblanc process. This depends upon the precipita- 
tion of sodium bicarbonate from salt solutions by means 
3 f carbon dioxide and ammonia, with the subsequent 
recovery of the ammonia. It has displaced the older 
process to a lai'ge extent, and it is carried on extensively 
in this country, for instance, at Syracuse, New York. 

Other processes for soda depend upon the electrolysis 
of sodium chloride solutions. In this case caustic soda 
and chlorine are the direct products, and the chlorine 
thus produced and liquified by pressure in steel cylinders, 
bias become an important commercial article. 

In earlier times wood-ashes were the source of potash 
and potassium salts. Wurtz in the Journal (10, 326, 
1850) suggested the availability of New Jersey green- 
sand as a source of potash and showed how this mineral 
could be decomposed, but it does not appear that this 
mineral has ever been utilized for the purpose. About 
1861 the German potash-salt deposits began to be devel- 
oped, and these have since become the chief source of 
this material. At present many efforts are being made 
to obtain potassium compounds from other sources, such 
as brines, cement-kiln dust, and feldspar and other min- 
erals but thus far the results have not satisfied the 
demand. 


Conclnsion. 

This account of chemical progress has given only a 
limited view of small portions of the subject, because the 
amount of available material is so vast in comparison 
with the space allowed for its presentation. Since the 
Journal has published comparatively little organic chem- 
istry, it was decided to make room for a better presenta- 
tion of other things by giving only a brief discussion of 
this exceedingly active and important branch of the 
science. For similar reasons industrial and metallurgi- 
cal chemistry, and other branches besides, in spite of 
their great growth and importance, have been neglected, 
except for some incidental references to them, and some 
account of a few of the more important industrial 
chemicals. 

It appears that we have much reason to be proud of the 
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Journal’s period, and of the part that the Journal has 
taken in connection with them, and there seems to be no 
doubt that this progress has not diminished during more 
recent times. 

The present tendency of chemical research is evidently 
towards a still greater development of organic chemis- 
try, and an increased application of physics and mathe- 
matics to chemical theory and practice. 

The very great improvements that have been made in 
chemical education, both in the number of students and 
the quality of instruction, during the period under dis- 
cussion, and particularly in rather recent times, gives 
promise for excellent future progress. 


Note, 

^ It appears that the most accurate exporimontal clem on strati on ovc^r made 
of this law was that of E. W. Morloy, publisiied in the Journal (41, 220, 
276, 1891). He showed that 2*0002 volumes of hydrogen combine with ono 
volnme of oxygen. 
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D ynamics. — A t iiK^ of tuo iihu‘t('<>ii(ii 

coiituiy mcicliiuiic.H wuh IIk; only major bi'aiicli of 
pliytiical so.ionc.o. whioli had al.laluod any ooiisidor- 
ablc deg'i'ee of (U!V(ih)])m(Mit. dVo o.ontiii-ios (‘arlioi*, 
Galileo’s oxporiuumiH on llu' ral.o of fall ol ’>i'()n halls 
d.i'OY)pod from tlu^ top ot tlu' Iji'auin^' h'owiM’ ot I’isa, had 
marked the orii^'in of dynainios. IIi'. liad easily disprovt-d 
the prevalent idea that even nndei- eonditions where air 
resistance is luyligihhi heavy bodies would i'all more 
rapidly than liM'ht ones, and fmd.lier (‘.Kiierimeids had led 
liim to Gonebuie that llui ine.ia'ase in. V(>lo(*.ity is proper 
tional to the lima elapsi'd, and not to the ilishDirr. 
traversed, as he had at first supiKised. Les.s than a. 
century later N(!wton had l‘ormnla(.ed l.lie laws of niolion 
in the same words in whie.li I lay arti f>iven to-day. d’liesn 
laws of motion, conjjled with his discovery of IIk' law of 
imivcrsal ^gravitation, had enabled him i.o coi'relate at 
once the planetary notions which bad ])rov('d so pu'//.rnp!; 
to his predecessors. .11 is sne.cess p;av(> a tremendous 
stimulus to tlui dev(do])m(mt and exl('nsiou ol' tln^ fmidn' 
mental dynamical prinei])leH thatlm bad hroii/^b! to li,i^'ht, 
which euiminated in tll(^ work of tlui ^'nad. .h'lameh mallun 
maticians, LaM’ran^n and La])lne(‘, a lillb^ over a hundred 
years ago. 

Newton’s law.s of motion, it mnsi: be rememlaua'd, 
^Pply only to a partichi, or to those! bodi('s which can bo 
treated as 7)articles in the i)robb!m nnd(!r consid(!ration. 
In his '‘Mecanicjno Analytifpu!” Ijagrangt! ('.vlendcd 
these prineiple.s so as to make! it yajssibh! to treat tlio 
motion of a connected system by a metliod almost as sim- 
ple ns that contained in tlu! second law ol’ motion. 


ably large number ox particles involved, be showed how 
to reduce the ordinary dynamical equations to a number 
equal to that of the degrees of freedom of the system. 
This is made possible by a combination of d’Alembert’s 
principle, which eliminates the forces due to the connec- 
tions between the particles, and the principle of virtual 
work, which continos the number of equations to the num- 
ber of possible independent displacements. The aim of 
Lagrange was to make dynamics into a branch of 
analysis, and his success may be inferred from the fact 
that not a single diagram or geometrical figure is to be 
found in his great work. 

Celestial Mechanics . — Almost simultaneously with the 
publication of the “Mecanique Analytique” appeared 
Laplace’s “Mecanique Celeste.” Laplace’s avowed 
aim was to offer a complete solution of the great 
dynamical problem involved in the solar system, taking 
into account, in addition to the effect of the sun’s gravi- 
tational field, those peiTurbations in the motion of each 
planet caused by the approach and recession of its 
neighbors. So successful was his analysis of planetary 
motions that his contemporaries believed that they were 
not far from a complete explanation of the world on 
mechanical principles. Laifiace himself was undoubt- 
edly convinced that nothing was needed beyond a 
knowledge of the masses, positions, and initial velocities 
of every material particle in the universe in order to 
completely predetermine all subsequent motion. 

The greatest triumph of these dynamical methods was 
to come half a century later. The planet Uranus, dis- 
covered in 1781 by the elder Herschel, was at that time 
the farthest known planet from the sun. But the orbit 
of Uranus was subject to some puzzling variations. 
After sifting all the knoAvn causes of these disturbances, 
Leverrier in Prance and Adams in England independ- 
ently reached the conclusion that another planet still 
more remote from the sun must be responsible, and com- 
puted its orbit. Leverrier communicated to Galle of 
Berlin the results of his calculations, and during the next 
few days the German astronomer discovered Neptune 
within one degree of its predicted position ! 







methods of celestial mechanics. Those visitors of the 
skies, the comets, which become so prominent only to fade 
away and vanish perhaps forever, had interested astron- 
omers from the earliest times. Soon after the discovery 
of the law of gravitation, Newton had worked out a 
method by which the elements of a comet’s orbit can be 
computed from observations of its position. It was 
found that the great majority of these bodies move in 
nearly parabolic paths and only a few in ellipses. Of the 
latter the most prominent is the brilliant comet first 
observed by Halley in 1681. It has reappeared regu- 
larly at intervals of seventy-six years ; the last appear- 
ance in the spring of 1910 is no doubt well remembered 
by the reader. Kant had considered comets to be 
formed by condensing solar nebulae, whereas Laplace had 
maintained that they originate in matter which is scat- 
tered throughout stellar space and has no connection 
with the solar system. A study of the distribution of 
inclinations of comet orbits by H. A. Newton (16, 165, 
1878) of Now Haven substantiated Laplace’s hypothesis, 
and led to the conclusion that the periodic comets have 
been captured by the attraction of those planets near to 
which they have passed. Of these comets a number 
have comparatively short periods, and are found to have 
orbits which are in general only slightly inclined to those 
of the planets, and are traversed in the same direction. 
Moreover, the fact that the orbit of each of these comets 
comes very close to that of Jupiter made it seem probable 
that they have been attached to the solar system by the 
attraction of this planet. Further confirmation of this 
hypothesis was furnished by H. A. Newton’s (42, 183 and 
482, 1891) explanation of the small inclination of their 
orbits and the scarcity of retrograde motions among 
them. 

In 1833 occurred one of the greatest meteoric showers 
of history. Olmstead (26, 132, 1834) and Twining (26, 
320, 1834) of New Haven noticed that these shooting 
stars traverse parallel paths, and were the first to sug- 
gest that they must be moving in swarms in a permanent 
orbit. From an examination of all accessible records, 
H. A. Newton ( 37 , 377, 1864; 38 , 53, 1864) was able to 


and of particular intensity at intervals of 33 or 34 years. 
He confidently predicted a great shower for Nov. 13th, 
1866, which not only actually occurred hut was followed 
by another a year later, showing that the meteoric swann 
extended so far as to require two years to cross the 
earth’s orbit. H. A. Newton (36, 1, 1888) in America 
and Adams in England took up the study of meteoric 
orbits with great interest, and the former concluded that 
these orbits are in every sense similar to those of the 
periodic comets, implying that a swarm of meteors 
originates in the disintegration of a comet. In fact 
Schiaparelli actually identified the orbit of the Perseids, 
or August meteors, with Tuttle’s comet of 1862, and 
shortly after the orbit of the Leonids, or November 
meteors, was found to be the same as that of Tcmpel’s 
comet. 

Electromagnetism . — During the eighteenth century 
much interest had been manifested in the study of elec- 
trostatics and magnetism. Du Pay, Cavendish, Michell 
and Coulomb abroad and Franklin in America had sub- 
jected to experimental investigation many of the phe- 
nomena of one or both of these sciences, and in the early 
years of the nineteenth century Poisson developed to a 
remarkable extent the analytical consequences of the law 
of force which experiment had revealed. Both Laplace 
and he made much use of the function to which Green 
gave the name “potential” in 1828, and which is such a 
powerful aid in solving problems involving magnetism 
or electricity at rest. 

Meantime electi'ic currents had been brought under the 
hand of the experimenter by the discoveries of Galvani 
and Volta. Large numbers of cells were connected in 
series, and interest seemed to lie largely in producing 
brilliant sparks or fusing metals by means of a heavy 
current. Hare (3, 105, 1821) of the University of Penn- 
sylvania constructed a battery consisting of two troughs 
of forty cells each, so arranged that the coppers and 
zincs can be lowered simultaneously into the acid and 
large currents obtained before polarization has a chance 
to interfere. This “deflagrator” was used to ignite 


some time the most powerful arrangement of its kind. 
That “galvanism” is something quite different from 
static electricity was the opinion of many investigators ; 
Hare considered the heat developed to be the distinguish- 
ing mark of the electric current. He says: “It is 
admitted that the action of the galvanic fluid is upon or 
between atoms ; while mechanical electricity wdien unco- 
ercecl, acts only upon masses. This difference has not 
been explained unless by my hypothesis, in which caloric, 
of which the influence is only exerted between atoms, 
is supposed to be a principal agent in galvanism.” 

Questioning minds were beginning to suspect that 
there must be some connection between electricity and 
magnetism. For lightning had been known to make 
magnets of steel knives and forks, and Franklin had mag- 
netized a sewing needle by the discharge from a Leyden 
jar. Finally Oersted of Copenhagen undertook syste- 
matic investigation of the effect of electricity on the mag- 
netic needle. His researches were without result until 
during the course of a series of lectures on “Electricity, 
Galvanism, and Magnetism” delivered daring the winter 
of 1819-20 it occurred to him to investigate the action of 
an electric current on a magnetic needle. At first he 
placed the wire bearing the current at right angles to the 
needle, with, of course, no result; then it occurred to 
him to place it parallel. A deflection was observed, for 
to his surprise the needle insisted on turning until per- 
pendicular to the wire. 

Oersted’s discovery that an electric current exerts a 
couple on a magnetic needle was followed a few months 
later by Ampere’s demonstration before tlie French 
Academy that two currents flowing in the same direction 
attract each other, while two in opposite directions repel. 
The story goes that a critic attempted to belittle this dis- 
covery by remarking that as it was known that two cur- 
rents act on one and the same magnet, it was obvious 
that they would act upon each oilier. Whereupon Arago 
arose to defend his friend. Drawing two keys out of 
his pocket he said, “Each of these keys attracts a mag- 
net; do you believe that they therefore attract each 
other ? ’ ’ 


indeed developed to a considerable degree the equiva- 
lence between a closed circuit carrying a current and a 
magnetic shell. So convincing was his analysis and so 
thoroi^gh bis discussion of the subject, that Maxwell said 
of this memoir half a centur;’’ later, “The whole, theory 
and experiment, seems as if it had leaped, full grown and 
full armed, from the brain of the ‘Newton of electricity.’ 
It is perfect in form and unassailable in accuracy; and 
it is summed up in a formula from which all the phe- 
nomena may be deduced, and which must ahvays remain 
the cardinal formula of electrodynamics.” 

Shortly afterwards the dependence of a current on the 
conductivity of the wive used and the grouping of cells 
employed, was made clear by the work of Ohm. Many 
of his results were obtained independently by Joseph 
Henry (19, 400, 1831) of the Albany Academy, who 
described in 1831 a powerful electromagnet in which a 
great many coils of wire insulated with silk were wound 
around an iron core and connected in parallel with a sin- 
gle cell. He remarks in this paper that with long wires, 
as in the telegraph, many cells arranged in series should 
bo used, whereas for several short wires connected in 
parallel a single cell with large plates is more efficient. 

Current Induction . — Impressed by the fact that elec- 
tric charges have the power of inducing other charges 
on neighboring conductors without coming into contact 
with them, Faraday was engaged in investigating the 
possibility of an analogous phenomenon in the case of 
electric currents. His idea at first seems to have been 
that a current should induce another current in any 
closed conducting circuit which happens to he in its 
vicinity. Experiment readily showed the falsity of this 
conception, hut a brief deflection of the galvanometer in 
the secondary circuit was noticed at the instant of mak- 
ing and breaking the current in the primary. Further 
experiments showed that thrusting a permanent steel 
magnet into a coil connected to a galvanometer caused 
the needle to deflect. In fact Faraday’s report to the 
Royal Society on November 24tb, 1831, contains a com- 



inducing a current in a closed circuit. 

While Faraday is entitled to credit for the discovery of 
current induction by virtue of the priority of his publica- 
tion, it must not pass unnoticed that Henry obtained 
many of the same experimental results independently 
and some even earlier. Henry was at this time instruc- 
tor in mathematics at the Albany Academy, and seven 
hours of teaching a day made it well-nigh inpmssiblo to 
carry on original research except during the vacation 
month of Augixst. As early as the summer of ISiiO ho 
had wound 30 feet of copper wire around the armature 
of a horseshoe elcetromaguot and connected it to a gal- 
vanometei*. Wlien the magnet was excited, a momen- 
tary deflection was observed. “I was, however, much 
surprised,” he says, “to see the noodle suddenly 
deflected from a state of rest to about 20" to the east, or 
in a contrary direction, when the battery was withdrawn 
from the acid, and again deflected to the west when 
it was re-immersed.” In addition a. dnlh^ction was 
obtained by detaching the armature from the magnet, 
or by bringing it again into contact. Had the rosnlts of 
those experiments boon published promptly, America 
would have been entitled to credit i’or the most import- 
ant discoverj'- of the greatest of lOngland’s many great 
experimenters. But Henry desired iir.st to JX'pe.at his 
experiments on a larger scale, and while new magnets 
were being constructed, the nows of Faraday’s disci<>v(iry 
arrived.' This occasioned hasty publication of the work 
already done in an appendix to volume 22, 1832, oJ' the 
J ournal. 

At almost the same time Henry made another import- 
ant discovery and this time he wa.s anticipated by no 
other investigator in making public his results. In tlio 
paper already referred to he describes the phenomenon 
known to-day as self-induction. “ When a small battery 
is moderately excited by diluted acid and its polos, which 
must he terminated by cups of mercury, are connected by 
a copper wire not moro than a foot in length, no spark 
is perceived when the connection is either formed or 
broken; but if a wire thirty or forty feet long bo used, 


cepublc wnen tne coimeciion is mauc, ycu wnuxi. n la 
broken by draiving one end of the wire from its cup of 
mercury a vivid spark is produced. . . . The effect 
appears somewhat increased by coiling the wire into a 
helix ; it seems to depend in some measure on the length 
and thickness of the wire; I can account for these phe- 
nomena only by supposing the long wire to become 
charged with electricity which by its reaction on itself 
projects a spark when the connection is broken.” 

Soon after, Henry went to Princeton and there con- 
tinued his experiments in electromagnetism. No diffi- 
culty was experienced in inducing currents of the third, 
fourth and fifth orders by using the first secondary as 
primary for yet another secondary circuit, and so on 
(38, 209, 1840). The directions of these currents of 
higher orders when the primary is made or broken 
proved puzzling at first, but were satisfactorily explained 
a year later (41, 117, 1841). In addition induced cur- 
rents were obtained from a Leyden jar discharge. Para- 
day failed to find any screening effect of a conducting 
cylinder placed around the primary and inside the 
secondary. Henry examined the matter, and found that 
the screening effect exists only when the induced current 
is due to a make or break of the primary circuit, and not 
when it is caused by motion of the primary. 

Henry’s work was mainly descriptive ; it remained for 
Faraday to develop a theory to account for the phenomena 
discovered and to prepare the way for quantitative for- 
mulation of the laws of current induction. This ho did in 
his representation of a magnetic field by means of lines 
of force; a conception which he found aftci’wards to be 
equally valuable Avhen applied to electrostatic problems. 
Every magnet and every current ghms rise to these 
closed curves; in the case of a magnet they thread it 
from south pole to north, while a straight wire bearing 
a current is surrounded by concentric rings. The con- 
nection between lines of force and the induction of cur- 
rents is contained in the rule that a current is induced in 
a closed circuit only when a change takes place in the 
number of lines of force passing through it. Further- 
more the dependence of the current strength on the 



of the fact that it is the electromotive force and not the 
current itself which is conditioned by the change in mag- 
netic flux. 

Great interest was attached to the ntilization of the 
newly discovered forces of electromagnetism. In 1831 
Henry (20, 340, 1831) described a reciprocating engine 
depending on magnetic attraction and repulsion, and 0. 
G. Page (33, 118, 1838; 49, 131, 1845) devised many 
others. The latter’s most important worlc, hoAVcver, was 
the invention of the Euhmkorff coil. In 1836 (31, 137, 
1837) he found the strongest shocks to be obtained from a 
secondary coil of many windings forming a con.tinuation 
of a primary of half the number of turns. Ills perfec- 
tion of the self-acting circuit breaker (35, 252, 1839) 
widened the usefulness of the induction coil, and his sub- 
stitution of a bundle of iron wires for a solid iron core 
(34, 163, 1838) greatly increased its efficiency. 

Conservation of Energy . — Perhaps the most important 
advance of the nineteenth century has been the estab- 
lishment of the principle of conservation of energy. 
Despite the fact that the “principc do la conservation dcs 
force vives” had been recognized by the French matho- 
maticians of the early part of the century, the application 
of this principle even to purely mechanical problems was 
contested by some scientists. Through the early num- 
bers of the Journal runs a lively controversy as to 
whether there is not a loss of power involved in impart- 
ing momentum to the reciprocating pari.s of a steam 
engine only to check the motion later on in the stroke. 
Finally Isaac Doolittle (14, 60, 1828), of the Bennington 
Iron Works, ends the discussion by the pertinent remark: 
“If there be, as is contended by one of your correspond- 
ents, a loss of more than one third of the poAvor, in trans- 
formmg an alternating rectilinear movement into a 
continuous circular one by means of a crank, I should 
like to be informed what would be the effect if the propo- 
sition Avere reversed, as in the ease of the common 
saAv mill, and in many other instances in practical 
mechanics. ” 

A realization of the equivalence of heat and mechani- 
cal Avork did not come until the middle of the century, in 



Count jxumiora ana me jnngasn ojavy uuiury luu year 
1800. So firmly enthroned was the caloric theory, 
according to which heat is an indestructible fluid, that 
evidence against it was given scant consideration. In 
fact the success of the analytical method introduced by 
Fourier in 1822 for the solution of problems in conduc- 
tion of heat only added to the difficulties of the adlierents 
of the kinetic theory. But recognition of heat as a form 
of energy was on the way, and Avhen it cmne it made its 
appearance almost simultaneously in half a dozen differ- 
ent places. Perhaps Robert Mayer _ of Heilbronn was 
the first to state explicitly the new principle. His paper 
“On the Forces of Inorganic Nature” was refused 
publication in Poggendorff ’s Annalen, but fared bettor at 
the hands of another editor. During the next few years 
Joule determined the mechanical equivalent of heat 
experimentally by a number of different methods, some 
of which had already been devised by Carnot. Of those 
he used, the most familiar consists in churning up a 
measured mass of water by means of paddles actuated by 
falling weights and calculating the heat developed from 
the rise in temperature. However, the work of the 
young Manchester brewer received little attention from 
the members of the British Association before whom it 
was reported until Kelvin showed them its significance 
and attracted their interest to it. Meanwhile Helmholtz 
had completed a very thorough disquisition on the con- 
servation of energy not only in d3mamies and heat but in 
other departments of physics as well. His paper on 
“Die Erhaltung der Kraft” was frowned upon by the 
members of the Physical Society of Berlin before Avhom 
he read it, and received the same treatment as Mayer’s 
from the editor of Poggendorff ’s Annalen. Helmholtz’s 
“Kraft,” like the “vis viva” of other writers, is the 
quantity which Young had already christened energy. 
Not many years elapsed, however, until the convictions of 
Mayer, Joule, Kelvin and Helmholtz became the most 
clearly recognized of all physical principles. As early 
as 1850 Jeremiah Day (10, 174, 1850), late president of 
Yale College, admitted the improbability of constructing 
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“imponderable agents” of electricity, galvanism and 
magnetism be utilized. 

Theronoclynamics . — The importance of the principle of 
conservation of energy lies in the fact that it unites under 
one rule such diverse phenomena as gravitation, electro- 
magnetism, heat and chemical action. Another principle 
as universal in its scope, although depending upon the 
coarseness of human observations for its validity rather 
than upon the immutable laws of nature, rvas fore- 
shadowed even before the first law of thermodyuamies, 
or principle of conservation of energy, was clearly 
recognized. This second law was the consequence of 
efforts to improve the efficiency of heat cngine,s. Tn 1S24. 
Carnot introduced the conception of cyclic open-ations 
into the theory of such engines. Assuming the impos- 
sibility of pei'petual motion, ho showed that no engine can 
have an efficiency greater than that of a rovers ilde 
engine. Finally Clausius expressed concisely the princi- 
ple toward which Carnot’s work had been leading, wlien 
he asserted that “it is impossible for a solf-iicting 
machine, unaided by any external agency, to convey heat 
from one body to another at a higher temperaturo. ” 
Kelvin’s formulation of the same law states that “it is 
impossible, by means of inanimate material agency, to 
derive mechanical effect from any portion of matter by 
cooling it below tho temperaturo of tho coldest of the 
surrounding ob j ect.s. ’ ’ 

The consequences of the second law wore rapidly 
developed by Kelvin, Clausius, Rankine, Barnard (16, 
218, 1853, et seq.) and others. .Kelvin intfodneed the 
thermodynamic scale of temperatnro, which ho allowed 
to be independent of such properties of matter a.s con- 
dition the size of the degree indicated by tho mercury 
thermometer. This scale, which is equivalent to that of 
the ideal gas thermometer, was used siihsoqncntly by 
Rowland in his exhaustive determination of tho mechan- 
ical equivalent of heat by an improved form of Joule’s 
method. He found different values for differeut rauge.s 
in temperature, showing that the specific boat of water 
is by no means constant. Since then electrical mothod.s 


confirm the results of purely mechanical determinations. 

The definition of a new quantity, entropy, was found 
necessary for a mathematical formulation of the second 
law of thermodynamics. This quantity, which acts as a 
measure of the unavailability of heat enerqy,_w'as given 
a new significance when Boltzmann showed its connec- 
tion with the probability of the thermodynamic state of 
the substance under consideration. If two bodies have 
widely different temperatures, a larg’e amount of the 
heat energy of the system is available for conversion 
into mechanical work. From the macroscopic poiirt of 
view this is expressed by saying that the entropy is small, 
or if the motions of the individual molecules are talvcn 
into account, the probability of the state is low. The 
interpretation of entropy as the logarithm of the thermo- 
dynamic probability has thrown much light on the 
meaning of this rather abstruse quantity. Gibbs’s 
“Elementary Principles in Statistical Mechanics” treats 
in detail the fundamental assumptions involved in 
this point of view, its limitations and its consequences. 
In his “Equilibrium of Pleterogeneous Substances”^ 
he had already extended the principle of thermal equi- 
librium to include substances which arc no longer homo- 
geneous. The value of the chemical potential ho intro- 
duced determines whether one phase is to gain at the 
expense of another or lose to it. It is unfortunate that 
the analytical rigor and austerity of his reasoning com- 
bined with lack of mathematical training on the part of 
the average chemist, delayed true appreciation of his 
work and full utilization of the new field which he 
opened up. 

Liquefaction of Gases . — 'Meanwhile the problem of 
liquefying gases was attracting much attention on the 
part of experimental physicists. Faraday had succeeded 
in making liquid a number of substances which had 
hitherto been known only in the gaseous state. His 
method_ consists in evolving the gas from chemicals 
placed in one end of a bent tube, the other end of which 
is immersed in a freezing mixture. The high pressure 
caused by the production of the gas combined with the 
low temperature is sufficient to bring about liquefaction 
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lsos was unexplained until the reseavclics of Andrews 
18()3 showed that no amount of pressure will produce 
pofaction unless the temperature is below a certain 
itical value, d'ho method of reduciui^’ the tciuperaturo 
use to-day depends on a fact discovered by Kelvin and 
)ule in connection with the free expansion of a gas. 
[rose investigators allowed the gas to escape throng'll a 
irons plug from a cluunlicr in Avliicli the pressure was 
latively high. Witli the single exception of hydrogen, 
G ctfect of the sudden expansion is to cool the gas, and 
un with it cooling is found to take place after the tom- 
ivaturc has been made sufficiently low. By this method 
1 known gases have been Ihiuctied. .ircliuni, with a 
liling point of — -dOi) 'O., or only 4 ’C!. above the absolute 
ro, was the last to be; made a li(|uid, finally yielding to 
G efforts of Kammerlingh Onues in 1907. This inves- 
i^ator" finds that at temperatures near the absolul;e ^;oro 

0 clcctricid conductivity of certain sulistances muhu'goes 
profound modification. For example, a coil ot' lead 
LOWS a su'iKU'conduc.tivity so great that a, current once 
arted in it pm-sists for days after the electromotive 
rce has ceased to act. 

l<]lecir<><ii/'»<t‘}»i(:s. — Faraday’s representation of elec- 
ic and magnotuc fields by lines of force had been of 
•cat value in prcdiet.ing the results of experinients in 
Rctromagnetism. But a more matheinatical formula- 
ni of the laws governing these plienomena was needed 
oi'der to make possible quant.itative development of 
c theory. This Avas supplied by IMaxwcll in his 
loch-iuidcing treatise on “hlleetrieity and Mag- 
itism.” Starting with electrostatics and magnetism, 

1 gives a conrideto account ol’ the mathematical 
cthods Avhich had been devised for tho solution 
' problems in these branches of the subject, and 
on turning to Amiiere’s work he shows how the 
Agrangian equations of motion lead to Faraday’s law 

the single assumption is made that the magnetic 
lergy of the field is kinetic. In tlic treatment of open 
rcuits Maxwell’s intuition led to a groat advance, tho 
troduction of tho displacement current. Consider a 
Larged condenser, the plates of which are suddenly con- 


nected by a wire. A current will now through the wire 
from the positively charged plate to the negative, but in 
the gap between the two plates the conduction current 
is missing. So convinced was Maxwell that currents 
must always flow in closed circuits, that he postulated an 
electrical displacement in the medium between the plates 
of a charged condenser, which disappears when the con- 
denser is short-circuited. Thus even in the so-called 
open circuit the current flows along a closed path. 

Maxwell’s theory of the electromagnetic held is based 
essentially on Faraday's representation by lines of force 
of the strains and stresses of a universal medium. So it 
is not surprising that lie was led to a consideration of 
the propagation of waves through this medium. The 
introduction of the displacement current made the form 
of the electrodynamic equations such as to yield a ty 2 iical 
wave equation for space free from electrical charges and 
currents. Moreover, the disturbance was found to be 
transverse, and its velocity turned out to be identical 
with that of light. The conclusion was irresistible. 
That light could consist of anything but electromagnetic 
waves of extremely short length was inconceivable. In 
fact so certain was Maxwell of this deduction from 
theory that he felt it altogether unnecessary to resort to 
the test of experiment. For the electromagnetic theory 
explained so many of the details which had been revealed 
by experiments in light, that no doubt of its validity 
could be entertained. Even dispersion received ready 
elucidation on the assumption that the dispersing 
medium is made up of vibrators having a natural period 
comparable with that of the light passing through it. 

Maxwell’s book was published in 1873. Fifteen years 
later. Hertz,'* at the instigation of Helmholtz, succeeded 
in detecting experimentally the electromagnetic waves 
predicted by Maxwell’s theory. His oscillator consisted 
of two sheets of metal in the same plane, to each of which 
was attached a short wire terminating in a knob. The 
knobs were placed within a short distance of each other, 
and connected to the terminals of an induction coil. By 
reflection standing waves were formed, and the positions 
of nodes and loops determined by a detector composed of 
a movable loop of wire containing an air gap. Thus the 




J quency of his radiator from its dimensions, and men 

I computed the velocity of the disturbance. In spite of an 

I error in his calculations, later pointed out by Poincare, 

/ he obtained very nearly the velocity of light for waves 

' traveling through air, but a velocity considerably smaller 

[ for those propagated along wires. Subsequent work by 

Lecher, Sarasin and de la Rive, and Trowbridge and 
* Duane (49, 297, 1895; 50, 104, 1895) cleared up this dis- 

f - crepancy, and showed the velocity to be in both cases 
I identical with that of light. The last-named investiga- 

i tors increased the size of the oscillator until it was possi- 

i ble to measure the frequency by photographing the spark 

f in the secondary with a rotating mirror. The positions 

j of nodes and loops were obtained by means of a bolom- 

I eter after the secondary had been tuned to resonance 

^ with the vibrator. The velocity thus found for clectro- 

; magnetic waves along wires is within one-tenth of one 

[ percent of the accepted value of the velocity of light. 

I Hertz’s later experiments showed that waves in air suf- 

fer refraction and diffraction, and he succeeded in 
polarizing the radiation by passing it through a grating 
constructed of parallel metallic wires. 

In order to satisfy the law of action and reaction, it 
is found necessary to attribute a quasi-momentum to 
electromagnetic waves. When a train of such waves is 
absorbed, their momentum is transferred to the absorb- 
ing body, while if they are reflected an impulse tAvice as 
great is imparted. This consequence of theory, foreseen 
by Maxwell and developed in detail by Poynting, Abra- 
ham and Larmor, has been verified by the experiments of 
Lebedew, and Nichols and Hull.'’' The latter used a deli- 
cate torsion balance from which was suspended a couple 
of silvered glass vanes. In order to eliminate the effect 
of impulses imparted by the molecules of the residual 
gas, such as Crookes had observed in his radiometer, 
readings were made at many different pressures and the 
ballistic rather than the static deflection recorded. 
After the pressure produced by light from a carbon arc 
had been measured, the intensity of the radiation was 
determined with a bolometer. Preliminary expermionts 
indicated the existence of a pressure of the order 
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explanation of the solar repulsion of comet’s tails. 
These tails are made up of enormous swarms of very 
minute particles, and as the comet swings around the 
pn they suffer a repulsion due to the pressure of the 
intense solar radiation which counteracts the sun’s gravi- 
tational attraction. Hence the tail, instead of following 
after the comet in its orbit, points in a direction away 
from the sun. 

Some uncertainty existed as to whether a convection 
current produces a magnetic field. A compass needle 
is deflected by a current from a Daniell cell ; is the same 
effect obtained when a conductor is charged electro- 
statically and then whirled around the needle by means 
of an insulating handle? The experimental difficulties 
involved in settling this question are realized when the 
enormous diffepnee between the electrostatic and elec- 
tromagnetic units of current is taken into consideration. 
For a sphere one centimeter in radius, charged to a 
potential of 20,000 volts, and revolving in a circle sixty 
times a second, constitutes a current of little over a 
millionth of an ampere. 

Tliis_ problem was undertaken by Rowland (15, 30, 
1878) in Helmholtz’s laboratory at Berlin in 1876. A 
hard rubber disk coated on both sides with gold was 
charged and rotated about a vertical axis at a rate of 
sixty revolutions a second. On reversing the sign of the 
electrification on the disk, the astatic needle hung above 
its center showed a deflection of over five millimeters. 
The current was calculated in electrostatic units from the 
charge on the disk and its rate of motion, and in electro- 
magnetic units from the magnetic deflection. The ratio 
of these two quantities gave fair agreement with its theo- 
retical value, the velocity of light. 

Although the result of this experiment was confirmed 
by Rowland and Hutchinson in 1889, Cremien Avas con- 
vinced by an investigation carried out at Paris in 1900 
that the Rowland effect did not exist. Consequently 
further repetition of the experiment was desirable. So 
the following year Adams (12, 155, 1901) arranged two 


ond. One set of sphei’es was connected by bruslies to tlie 
positive pole of a battery of 20,000 volts, tlie other to the 
negative pole. The deflection of a nearby magnetometer 
needle was observed when the electrification of the two 
rings was reversed, and from the reading so obtained the 
ratio of the electromagnetic to the electrostatic nnit of 
current computed. This quantity was found to differ 
from the velocity of light by only a few percent. This 
experiment and the even more exhaustive investigations 
carried out by Pender, both independently and in collab- 
oration with Cremicu, Anally convinced the seientifle 
world that a convection current produces the same mag- 
netic held as a conduction current of the same magnitude. 

In discussing the ponderoinotive force experienced in a 
magnetic Aeld by a conductor through which a current is 
passing. Maxwell had said, “It must be carefully remem- 
bered, that the mechanical force which urges a conductor 
carrying a current across the lines of magnetic force, 
acts, not on the electric current, but on the conductor 
which carries it.” Hall (19, 200, 1880), one of Row- 
land’s students, questioned this statement, and deter- 
mined to put it to the tost of experiment. Efforts to And 
an increase in the resistance of a wire placed at right 
angles to the lines of magnetic force were unsuccessful. 
So the current was passed through a moderately broad 
strip of gold leaf and the effect of the magnetic held 
on the cquipotential linos investigated. The results 
obtained conArmod Hall’s belief that the force exerted by 
the Aeld acts on the current itself, and is transmitted 
through it to the conductor. Purthcr hwestigation (20, 
161, 1880) revealed the same deflection of cquipotential 
lines in thin strips of other metals, although the effect 
was found to be reversed in iron. 

During the closing years of the nineteenth century 
occui’red three events of far reaching importance. The 
electron was isolated, and its charge and mass measured 
by J. J. Thomson in England; X-rays were discovered 
by Rontgen in Germany; and the first indications of 
radioactivity were found by Becquerel in Prance. The 
Arst two are certainly to be attributed largely to the 



vacua, and the last two might not have oceux’rcd so soon 
had it not been for the photographic plate. 

The Electron . — The atomic theory of electricity dates 
from the time of Faraday. His experiments on electroly- 
sis showed that each monovalent atom or radical, what- 
ever its nature, carries the same charge, each bivalent ion 
a charge twice as great. Only a lack of knowledge of the 
number of atoms in a gram of the dissociated salt pre- 
vented him from calculating the value of the elementary 
charge. As the discharge of electricity through gases at 
low pressures became a subject for experimental inves- 
tigation, another line of approach to the study of the 
atom of electricity was opened up. As early as the sev- 
enties Hittorf and Goldstein had observed that a shadow 
is cast by a screen placed in front of the cathode of a 
Crookes tube. Varley suggested that the cathode rays 
producing the shadow consist of “attenuated particles of 
matter, projected from the negative pole by electricity.” 
The discovery that these rays are deflected by a magnetic 
field led English physicists to the conclusion that they 
must be composed of charged particles, and the direction 
of the deflection was such as to require the charge to he 
negative. Hertz contested this view on the ground that 
his experiments shouted the rays to be unaffected by an 
electrostatic field, and suggested that they consist of 
etherial disturbances. Finally Perrin succeeded in pass- 
ing the rays into a metal cylinder which received from 
them a negative charge, and Lenard showed how exces- 
sively minute these negatively charged particles must he 
by actually passing them through a thin sheet of alumi- 
nium in the wall of a vacuum tube, and detecting their 
presence in the air outside. Conclusive information as 
to the nature of the electron, as it was named by John- 
stone Stoney, was supplied by the classic experiments 
of J. J. Thomson.® First he showed that Hertz’s failure 
to find a deflection when a stream of electrons passes 
between the plates of a charged condenser was due to the 
screening effect of the gaseous ions produced by the dis- 
charge. With a much more highly evacuated tube he 
found no difficulty in obtaining a deflection in an electro- 
static field. By using crossed electric and magnetic 


that caused by the other, aud from the fiold strciif^ths 
employed both the velocity of the particles and the ratio 

■^of chai'ge to mass was calculated. The former was 


found to bo about ono-tciith the velocity of light, but ilio 
most startling result of the experiment was that the same 

value of ” was obtained no matter what residual gas 


was contained in the tube or of what metal the cathode 
was made. 

To calculate e and then ni other methods are necessary. 
0. T. R. Wilson has shown that in 8n])(irsaturat('.d ah’, 
water drops form easily on chargcid molecnlos, and that 
negative ions arc more oftoctive in causing condensation 
than positive ones. By making vise of the results ol' this 
research Idiomson has been al)i(^ to nuais\ire llu^ elemen- 
tary charge. For snp])o.se a stream of negative ions to 
pass through supersaturated air. A little dro]) forms 
on each charged 7 Tarticle, and the cloud of c.oudensed 
vapor settles to the boilom ot: the vessel, tllhe, charge 
carried and the mass of water de-|)oait(Hl can 1)e meas- 
ured directly. Btokes’ law for the rate of fall of a 
minute particle through a gas(!ouB mculium enahh^s the 
average size of the drops to be com]mte,d from the 
observed rate of descent of the cloud, lleuc.e tlu', mimbor 
of drops formed aud the chargci carried l)y (>acli follows 
at once. H. A. Wilson imiu’oved the itudhod by noting 
the effect of an electric hold npon the rate of fall of the 
charged drops, and snhseqnent ox])erimentH undertaken 
by Millikan" have been of such a, charac.ter as to (uuible 
him to follow the motion of a single drop. Insfnad of 
water, the latter nsos oil drop.s less tlian ono ton- 
thousandth of a centimeter in diameter. A dro]:», after 
one or more clnctrons have attached tlmmselvcis to it, 
is actually tueirihed iii terms of the chargi^ on its surface 
by applying an upward electric force just Rurficlont to 
balance the force of gravity, if lien its weight is inde- 
pendently ohtai7icd from tlio density of the oil and the 
radius of the drop as dotorrained by the rate of fall whnn 
the electric field is absent. Oom]')arison of tluisti two 
expressions gives 4 ’ 774 ( 10 )'^" electrostatic units for the 


elementary charge. Combining this result with the 

value of — found by Thomson, the mass of the electron 

comes out to be about one eighteen-hundredth that of an 
atom of the lightest known element, hydrogen. 

That the electron is a fundamental constituent of all 
matter is attested by the fact that charge and mass are 
the same regardless of the source or manner of produc- 
tion. Whether emitted by a heated metal, under the 
action of ultra-Adolot light, from a radioactive substance, 
by a body exposed to X-rays, as a result of friction, it is 
the same negatively charged particle that constitutes the 
cathode ray of the discharge tube. Moreover, it makes 
its effect felt indirectly in many other phenomena, and 
from an investigation of some of these the ratio of 
charge to mass can be determined independently. Of 
such perhaps the most interesting is the Zeeman effect. 

Spectroscopy . — Early in the nineteenth century Fraun- 
hofer had observed that the solar spectrum is crossed 
by a large number of dark lines. Their presence was 
unexplained until in 1859 Kirchhoff and Bunsen showed 
“that a colored flame, the spectrum of which contains 
bright sharp lines, so weakens rays of the color of these 
lines when they pass through it, that dark lines appear 
in place of bright lines as soon as there is placed behind 
the flame a light of sufficient intensity, in which the lines 
are otherwise absent.’' For intra-atomic oscillators 
must have the natural frequency of the radiation which 
they emit, and consequently resonance will take place 
when they are exposed to rays of this frequency coming 
from an outside source, and selective absorption ensue. 
By comparing the bright lines in the spectra of metallic 
vapors made luminous by a gas flame with the dark lines 
in the sun’s spectrum these investigators showed that 
many of the common terrestrial elements exist in the 
sun. The interest in spectroscopy grew rapidly. The 
excellent diffraction gratings made by Rutherfurd wore 
succeeded by the superior concave gratings of Rowland. 
In 1877 Draper (14, 89, 1877) announced the discovery of 
the bright lines of oxygen in the solar spectrum, but his 
interpretation of his photographs has not been corrob- 
orated by the work of later investigators. Langley (11, 


401, 1901), by the aid of Ms newly invented bolometer, 
succeeded in detecting the emission of energy from the 
sun in the infra-red in amounts far exceeding that con- 
tained in the visible spectrum. In 1842 Doppler drew 
attention to the fact that motion of the source should 
cause a displacement of the spectral lines, the shift being 
to the blue if the light is approaching and to the red if 
it is receding, and a few years later Pizeau suggested the 
application of Doppler’s principle to the measurement of 
the velocity of a star moving in the line of sight. Thus 
the spectroscope has been able to supply one of the 
deficiencies of the telescope, and the two together are 
sufficient to reveal all components of stellar motion. 
When spectra formed by light from the sun’s limb and 
from its center are compared, the same effect reveals 
the rotation of the sun about its axis. (C. S. Hastings, 5, 
369, 1873; C. A. Young, 12, 321, 1876.) 

Further Evidence of the Electron . — ^In 1845 Faraday 
discovered a rotation of the plane of polarization when 
light passes in the direction of the lines of force through 
a piece of glass placed between the poles of an electro- 
magnet. Examination of the spectrum from a gloAving 
vapor situated between the poles of a magnet, however, 
failed to reveal any effect of the field. The latter prob- 
lem was attacked anew by Zeeman'^ in 1896, and with the 
aid of the improved appliances of modern science he suc- 
ceeded in detecting a broadening of the lines. Later 
experiments with more powerful apparatus resolved 
these broadening lines into several components. 

Lorentz® showed at once how the electron theory fur- 
nishes an explanation of the Zeeman effect. Pie found 
that when the source is viewed at right angles to the lines 
of magnetic force, a spectral line should be split into 
three components. Of these he predicted that the mid- 
dle, or undisplaced component, would be found to be 
polarized at right angles to the direction of the field, and 
the other components parallel to the field. When the 
light proceeds from the source in a direction parallel to 
the magnetic lines of force, two components only should 
be formed, and these should be circularly polarized in 
opposite senses. Moreover, from the separation of the 
components can be calculated the ratio of charge to mass 
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firmed Lorentz’s theory in every detail, and jdelded a 

value of — in substantial agreement with that obtained 

for cathode rays. Subsequent research, however, has 
shown that in many cases more components are found 
than the elementary theory calls for. Hale has detected 
the Zeeman effect in light from sun spots, proving that 
these blemishes on the sun’s face are vortices caused by 
whirling swarms of electrified particles. Recently Stark 
and Lo Surdo have found a similar splitting’ up of lines 
in the spectrum formed by light from canal rays (rays of 
positively charged particles) passing through an intense 
electric field. This phenomenon has as yet received no 
adequate explanation. 

On discovering that an electric current is capable of 
producing a magnetic field, Ampere had suggested that 
the magnetic properties of such substances as iron might 
be explained on the assumption of molecular currents. 
The electron theory considers these currents to be due to 
the revolution, inside the atom, of negatively charged 
particles about an attracting nucleus. It occurred to 
Richardson that this motion should give the atom the 
properties of a gyrostat. Hence if an iron bar be rotated 
about its axis, the atoms should oi'ient themselves so as to 
make their axes more nearly parallel to the axis of rota- 
tion. Thirs its rotation should cause the bar to become 
a magnet. Barnett” has tested this hj’pothesis, and has 
found the effect Richardson had predicted. From the 

strength of the magnetization produced, the value of — 

can be computed. Barnett finds a value somewhat 
smaller than that for cathode rays, hut of the right order 
of magnitude and sign. Einstein and De Haas have 
detected the inverse of this effect, i. e., the rotation of an 
iron rod when it is suddenly magnetized. 

X-Rays . — In 1895, on developing a plate which had 
been lying near a vacuum tube, Rontgetf® was surprised 
to find distinct markings on it. As the plate had never 
been exposed to light, it was necessary to suppose the 
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tion. Further investigation showed that this radiation 
originates at the points where cathode rays impinge on 
the glass walls of the tube. Besides being able to pass 
with ease through all but the most dense material objects 
X-rays were found to have the power of ioiiizing gases 
thi'oughwhichthey pass and ejecting electrons from metal 
surfaces against which they strike. The points at which 
these electrons are produced are in turn the sources of 
secondary X-rays whose properties are characteristic of 
the metal from which they come. 

Bontgen’s discovery excited intense interest among 
laymen as well as in scientilic circles. Of the many 
X-ray photographs taken, those of Wright ( 1 , 235, 1896) 
of Yale were the first to be produced in this country. 
His experiments were made immediately on receipt of 
the news of Eiintgen’s research, and resulted in the pub- 
lication of a numlier of photographs showing the trans- 
lucency for these rays of paper, wood, and even 
aluminium. 

As X-rays are undeviated by electric or magnetic fields, 
Schuster, and later Wiechert and Stokes, suggested that 
they might be electromagnetic waves of the same nature 
as light, but much shorter and less regular. The great 
objection to this hypothesis was the failure either to 
refract or diffract these rays. In fact Bragg contended 
that they were not etherial disturbances at all, but con- 
sisted of neutral particles moving with very high veloci- 
ties. Finally Laue” demonstrated their undulatory 
nature by showing that diffraction took place under 
proper conditions. Just as the distance between adja- 
cent lines of a grating must be comparable to the wave 
length of light for a spectrum to be formed, a periodic 
structure with a grating space of their very much shorter 
wave length is necessary to diffract X-rays. Such a 
structure is altogether too fine to be made by human 
tools. Nature, however, has already prepared it for 
man’s use. The distance between the atoms of a crystal 
is just right to make it an excellent X-ray grating, and 
Laue had no difficulty in obtaining diffraction patterns 
when Rontgen rays were passed through a block of zinc- 
blende. The distance between adjacent atoms of this 
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way X-rays are found to have a length less than one 
thousandth as great as visible light. Further study of 
this phenomenon, particularly by the two Braggs, father 
and son, has revealed many of the structural details of 
more complicated crystals. 

The most significant investigation in the field opened 
up by Lane’s discovery is that undertaken by Moseley'^ 
only a couple of years before he lost his life in the 
trenches at Gallipoli. Using many different metals as 
anticathodes in a vacuum tube, he measured the fre- 
quencies of the characteristic rays emitted. He found 
that if the elements are arranged in order of increasing 
atomic weight, the square roots of the characteristic fre- 
quencies form an arithmetical progression. If to each 
element is assigned an integer, beginning with one for 
hydrogen, two for helium, and so on, the square root of 
the frequency of the characteristic radiation is found to 
be proportional to this atomic number. Even though 
Ulrler has shown receiitly that over wide ranges Mose- 
ley’s law does not hold within the limits of experimental 
error, there is undoubtedly much significance to be 
attached to this simple relation. 

Radioactivity . — The year following the discovery of 
X-rays, Becquerel found that a photographic plate 
is similarly affected by radiations from uranium 
salts. Two years later the Curies separated from 
pitchblende the very active elements polonium and 
radium. Passage of the rays from these substances 
through electric and magnetic fields revealed the 
existence of three types. The alpha rays have 
been shown by Rutherford and his co-workers to be 
positively charged helium atoms ; the beta rays are very 
rapidly moving electrons ; and the gamma rays are elec- 
tromagnetic pulses of the same nature as X-rays but 
somewhat shorter. In 1902 Rutherford and Soddy 
advanced the theory of atomic disintegration, according 
to which the emission of a ray is an indication of the 
breaking down of the atom to a simpler form. Thus in 
the radioactive substances there is going on before our 
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eyes a continual transformation of one element _ into 
another, a change, by the way, which appears to bo in 
slightest degree either hastened or delayed by changes in 
temperature (H. L. Bronson, 20, 60, 1906) or exhunial 
electrical condition of the radioactive clement. Uranium 
is the progenitor of a long line of descendants, of Avhich 
radium was supiDosed for some time to ho the first mem- 
ber. Boltwood (25, 365, 1908) of Yale, however, showed 
that the slow growth of radium in uranium solutions is 
incompatible with this assumption, and soon isolated an 
intermediate product which he named ionium. liadi.nm 
itself disintegrates into a gas known as radium emana- 
tion, which in turn gives rise to a succession of other 
products. Analyses by Boltwood (23, 77, 1907) of radio- 
active minerals from the same locality show such a con- 
stant ratio between the amounts of uraniuni and lead 
present that it is natural to cotmludo that load is the end 
product of the series. This hypothesis is conliiuned by 
the fact that the oldest rooks show relatively tho greatest 
amounts of this element. 

In addition to the Ionium-Radium series two otliers 
I have been discovered. Of these Boltwood ’s (26, 2(i9, 1908) 

investigations seem to indicate that tho one which starts 
with actinium is a collateral branch of t;ho radium sei'les 
and comes from tho same parent uranium, tl’lie other 
begins with thorium and comprises ton m(!ml)orH. As 
yet the end products of the actinium and thori\im series 
have not been identihed, although there is some reason 
I for believing that an isotope of load may bo tlio final 

I member of the latter. 

As tho_ amoimt of a radioactive element which disin- 
tegrates in a given time is proportional to tho total mass 
: present, an infinite time would bo roqixirod for tlu^ sub- 

stance to be completely transformed. Hence the life of 
I such an element is measured by tho half value period, or 

I tirne taken for half tho initial mass to disini, ('grate. 

I This time varies widely for different radioactive sub- 

stances, ranging from _a_ small fraction of a second for 
actininm A to five billion years for nrnninm. Bolt- 
; wood’s (25, 493, 1908) original cloterraination of the lifo 

of radium from the rate of its growth in a solution con- 
taining ionium gave 2000 years as its result, altliougli 

i 
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recent measurements by Miss Gleditsch (41, 112, 1916) 
agree more closely with the value 1760 years obtained by 
Eutherford and Geiger from the number of alpha parti- 
cles emitted. 

Under the action of X-rays or the radiations from 
radioactive substances, gases acquire a conductivity 
v?hich has been attributed by Thomson and Rutherford 
to the formation of ions. Zeleny has found that ions of 
oi^posite sign have somewhat different mobilities in an 
electric field, and experiments of Wellisch (39, 583, 1915) 
show that at low pressures some of the negative ions are 
electrons. T. S. Taylor (26, 169, 1908 et seq.) and Duane 
(26, 464, 1908) have investigated the ionization produced 
by alpha particles, and Dumstead (32, 403, 1911 et seq.) 
has studied the emission of electrons from metals which 
are bombarded by these rays. The investigations of 
Franck and Hertz, and McLennan and Henderson, show 
a significant relation between the ionizing potential 
(energy which must be possessed by an electron in order 
to produce an ion on colliding with an atom) and a quan- 
tity, to be considered later in more detail, which has been 
introduced by Planck into the theorj’’ of radiation. 

Methods of Science . — Scientific progress seems to fol- 
low a more or less clearly defined path. Experimenta- 
tion brings to light the hidden processes of nature, and 
hypotheses are advanced to correlate the facts discov- 
ered. As more and more phenomena are found to fit into 
the same scheme, the hypotheses at first proposed tenta- 
tively, although often only after extensive alterations, 
become firmly established as theories. Finally there may 
appear a fundamental clash between two theories, each of 
which in its respective domain seems to represent the only 
possible manner in which a large group of phenomena 
can be correlated. The maze becomes more perplexing 
at every step. At last a genius appears on the scene, 
approaches the problem from a new and unsuspected 
point pf view, and the paradox vanishes. Such changes 
in point of view are the milestones which mark the 
progress of science. That science is stagnant whose 
only function is to collect, classify and correlate vast 
stores of experimental data. The sign of vitality is the 
existence of clearly defined and fundamental problems 
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y possible solution of wMch seems irreconcilable with 
! most basic truths of the science in question. The 
iater the paradox grows, the more certain the advent 
a new point of view which will bring one step nearer 
! comprehensive picture of nature which is the goal of 
tural philosophy. 

The Ether . — Prom the earliest times philosophers have 
m attracted by the possibility of explaining physical 
enomena in terms of an all-pervading medium. So 
ong had this tendency become by the middle of the 
leteenth century that the English school of physicists 
re attributing rigidity, density and nearly all the prop- 
ies of material media to the ether. In fact most 
ysicists seemed to have forgotten that no experiment 
i ever given direct evidence of the existence of such a 
dium. Not until the first decade of the twentieth cen- 
y was it realized that the experimental evidence actu- 
y pointed in quite the opposite direction, and that a 
V point of view was needed in dealing with those phe- 
nena of light and electromagnetism which had been 
iviously described in terms of a universal medium, 
tne account of the development of the ether theory 
1 of the origin and growth of the point of view which 
i its principal exemplification in the principle of rela- 
ity is essential for an understanding of present ten- 
icies in formulating a philosophic basis for scientific 
lught. 

m the time of Newton and for a century after there was 
ch controversy between the adherents of two irrecon- 
ible theories of light. Hooke had suggested that 
lit is a wave motion traveling through a homogeneous 
dium which fills all space, and Huygens had shmvn 
it the law of refraction can be deduced at once from 
s hypothesis if it is assumed that the velocity of light 
a transparent body is less than that in free ether, 
wever, Newton, impressed by the fact that a ray 
:ained by double refraction in Iceland spar differs from 
ay of ordinary light just as a rod of rectangular cross 
tion differs from one of circular cross section, and 
ing no way of explaining this dissymmetry in terms 
a wave motion analogous to longitudinal sound waves, 
lered to the view that light consists of infinitesimal 
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sway among liis contemporaries and successors until the 
labors of Young and Fresnel at the beginning of the 
nineteenth century definitely established the undulatory 
tlieoi'y. However, in spite of the fact that a corpuscular 
theory of light made the assumption of an ether unneces- 
sary in so far as the simpler of the observed phenomena 
are concerned, even Newton postulated the existence of 
such a medium, partly in order to explain the more com- 
plicated results of experiments in light, and partly in 
order to provide a vehicle for the propagation of gravi- 
tational forces. 

Now an ether, if it is to explain anything at all, must 
have at least some of the simpler properties of material 
media. The most fundamental of these, perhaps, is posi- 
tion in space. As a first approximation in explaining 
optical phenomena on the earth’s surface, the earth 
might be supposed to be at rest relative to the ether. 
But the establishment of the Copernican system made the 
sun the center of the solar system and gave the earth an 
orbital speed of eighteen miles a second. It may be 
remarked parenthetically that the speed of a point on the 
equator due to the earth’s diurnal rotation is quite insig- 
nificant compared to its orbital velocity. Hence as a 
second approximation the sun might be considered at 
rest relative to the ether and the earth as moving 
through this unresisting medium. 

The first indication of this motion lay in the discovery 
of aberration by the British astronomer Bradley in 1728. 
Bradley noticed that stars near the pole of the ecliptic 
describe small circles during the course of a year, while 
those in the plane of the ecliptic vibrate back and forth 
in straight lines, stars in intermediate positions describ- 
ing ellipses. The surprising thing, however, was that 
the time taken to complete one of these small orbits is in 
all cases exactly a year. Bradley concluded that the 
phenomenon is in some way dependent on the earth’s 
motion around the sun, and he was not long in reaching 
the correct explanation. For suppose the earth to be at 
rest. Then in observing a star at the pole of the ecliptic 


lowovcr, iiH ilui (^arth i.s in motion, tlio t;ol('H(‘,o])o iuu.mI Ix! 
)ointtxl u littlo forward, junt as in walkhif;' laipidly 
hroutfU tlui rain an umhrc'lla must lx; incliiKul forward so 
;H to int(n’(U‘j)t th(> raindroi)H whic.li w’onld ot.lu'rwiso fall 
111 tlio spot to 1)(( oc.aupi('(( at tlio and of tlio mnct stop. 
I’lio an,jj;'lo throne'll wliicli tlio tol('sao])(' lias to Ixi t.ilta.d is 
aiown as llio an,t>'lo of aliorration, and tlio tan.mmt of this 
iiii^'lo may I'asily ho shown to lio oiiual to tho ratio of tho 
'('loa.ity of tho oardi to Ilia volooii.y of li^-lit. Knowing 
h(' volocity of tho ('arth, tho volooity of liglit can then ho 
alcnlatod. il’his niothod was ono of tho (Vrst of ohtaining 
ho vnluo of (his important (luantity. 

Mora rocontly, ti'rri'.strial methods of groat ])rocision 
luvo boon dovisc'd for moasuring tho volooii.y of light, 
hio most acenrato of those is that omployod by tho 
h'onch 7 ihysicist Foucault in 18(i2. A ray of light is 
onootod by a rolating mirror to a tixod mirror iihmod at 
omo distanco, which in turn rollocts tho ray hack to 
ho moving mirror, iriio latter, howovor, has turmul 
lirough a small anglo during tho thno elapsed since tho 
rat rotloction, and consonuontly tho direction of tho ray 
n returning to the sourco is not quite op])()site to l.hat in 
diich it had started out. This deviation in diri'ction is 
.otermined from tho disjdacomont of tho imago formed 
y the returning light, and from it tho volocity of light 
j calculntod. In order to make tho dofloction ai)])roci- 
hlo the distance between tho two mirrors should he very 
real;. _Aa originally arranged hy Fouca.tdt, it was 
[)und impractical to make this distance groat, or t.han 
ivonty motors, and conso(|uently the disiilacomont of tho 
nago was loss than a millimol.or. Such a small dofloction 
niitod the accuracy of the oxperimont to ono ])orcont. 
11 I87t), howovoi’, Miclu'lson (18, 'AW), 1H7!I), then a mas- 
:ir in tho United States Navy, imiirovod Foucault’s o))ti~ 
al arrangements to such an oxt;ont that he was ahlo to 
so a distance of nearly seven hundred mel.ors hotwoou 
lie two mirrors. With a rate of two hundred and lifty- 
even revolutions a second for the rolating mirror, tho 
isplacemont obtained was over thiri.een contimoti'rs. 
'liis experiment gave 290,010 kilometers a second for 
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vhich is only a fraction of the velocity v which would 
lave to be added if convected matter carried along all 
;he ether which resides within it. This expression was 
;ested directly, first by Fizeau in 1851, and later by 
ilichelson and Morley ( 31 , 377, 1886) in this country. 
Che experiment consists in bifurcating a beam of light, 
lassing one half in one direction and the other in the 
ipposite direction through a stream of running water. 
In reuniting the two rays the usual interference fringes 
ire produced. Reversing the direction of motion of the 
vater causes the fringes to shift, and from the amount of 
his shift the velocity imparted to the light by the motion 
)f the stream is computed. The divergence between the 
ixperimental value of this quantity and that calculated 
rom Fresnel’s coefficient of entrainment was found by 
iliehelson and Morley to be less than one percent, which 
vas about their experimental error. Thus Fresnel’s 
ixpression for the velocity of light in a moAung medium is 
intirely confirmed by experiment. The derivation of it 
Lccepted to-day, hoAvever, is very different from his orig- 
nal deduction. 

It has been noted that the phenomena of polarization 
ed Newton to reject the wave theory of light. The only 
ype of wave known to him was the longitudinal wave, 
n which the vibrations of the particles of the medium are 
n the same direction as that of propagation of the wave, 
ind it Avas impossible to suppose that such a wave could 
lave different properties in different directions at right 
ingles to the line in which it is advancing. But in 1817 
foung suggested that this inconsistency between the 
rave theory and the facts of polarization could be 
'eraoved by supposing the vibrations constituting light to 
le executed at right angles to the direction of propaga- 
ion. Thus in ordinary light the vibrations are to be 
onceived as taking place haphazard in all directions in 
he plane perpendicular to the ray, while in plane polar- 
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direction. This supposition explained so many of the 
puzzling results of experiment, that it was accepted at 
once and led to the complete vindication of the undula- 
tory theory. 

Elastic Solid Theory . — Shortly afterwards Poisson 
succeeded in solving the differential equation which 
determines the motion of a wave through an elastic 
medium. His solution shows that such a medium is 
capable of transmitting two types of wave — one longh 
tudinal, the other transverse. If k denotes the volume 
elasticity, -q the rigidity and p the density of the medium, 
the velocities of the two waves are respectively 


p 


and 



Now a solid has both compressibility and rigidity, 
and transmits in general both types of wave. A 
fluid, on the other hand, on account of its lack of 
rigidity, cannot support a transverse vibration. Hence 
it was natural that Green, in searching for a d 5 mamical 
explanation of the ether, should have proposed in a paper 
read before the Cambridge Philosophical Society in 
1837 that the other has the elastic properties of a solid. 
One great difficulty presented itself; disturbances 
inside an elastic solid must give rise to comprcssional as 
well as to transverse waves. But no such thing as a 
comprcssional wave had been found in the experimental 
study of light. Green attempted to overcome this diffi- 
culty by attributing an infinite volume-elasticity to the 
ether. The expression above shows that longitudinal 
waves originating in such an incompressible medium 
would be carried away Avith an infinite velocity, and it 
may be shown that the energy associated with them 
Avould be infinitesimal in amount. The next step was to 
calculate the coefficients of transmission and reflection 
for light passing from one material medium to another. 
Here the elastic solid theory is not altogether successful. 
If the ether is supposed to have different densities in the 
two media, as in Fresnel’s theory, but the same rigidity, 
certain of these coefficients fail to give the values 



uy expcrunenc, wnue ir tne aensiiies are 
aa.suiucd the same but the rigidities different, other of the 
coonicionls have discordant values. In connection with 
tho^ phenomena of double refraction even more serious 
dinicultios are encountered. 

Elcctromagneiic Theory . — It was beginning to be felt 
that an ether must explain more than the phenomena of 
light, for Faraday’s conception of electromagnetic 
action as carried on through the agency of a medium 
had added greatly to its functions. Finally Maxwell’s 
demonstration that electromagnetic waves are propa- 
gated with the velocity of light made the theory 
of liglit into a subdivision of clectrodjmamics. Maxwell 
himself did not apply electromagnetic theory to the 
explanation of retlcction and refraction. This defi- 
ciency, however, was remedied by Lorentz in 1875. The 
results obtained, as well as those for double refraction 
(.1. W. Gibbs, 23, 262, 1882 et seq.), and metallic reflec- 
tion (L. P. Wheeler, 32, 85, 1911), provided a complete 
vindication of the electromagnetic theory of light. This 
is all the more sigi^ificant when the extreme precision 
obtainable in optical experiments is taken into account. 
For instance, Hastings (35, 60, 1888) has tested Huy- 
gens’ construction for double refraction in Iceland spar 
and found that “the difference between a measured index 
of refraction ... at an angle of 30° with the crystalline 
axis, and the index calculated from Huygens’ law and 
the measured principal indices of refraction” is a matter 
of only 4-5 units in the sixth decimal place. Since Max- 
well’s time the gamut of electromagnetic waves has been 
steadily extended. The shortest Hertzian waves merge 
almost imperceptibly into the longest heat waves of the 
infra-red, and from there the known spectrum runs con- 
tinuously through the visible region to the short waves 
of tlie extreme ultra-violet recently disclosed by Lyman. 
Hero there is a short gap until soft X-rays are reached, 
and finally the domain of radiation comes to an end with 
gamma rays a billionth of a centimeter in length. 

Maxwell’s other was not a dynamical^ ether in the sense 
of Green’s elastic solid medium. In spite of the fact that 
Maxwell was always active in devising mechanical ana- 


lie was never enthusiastic over the speculations of the 
advocates of a dynamical ether. The electrodynamic equa- 
tions provided an accurate representation of the electric 
and magnetic fields, and beyond that he felt it was need- 
less to go. That Gibbs (23, 475, 1882) held the same 
view is made evident by the closing paragraphs of a 
paper in which he shows that the electromagnetic theory 
of light accounts in minutest detail for the intricate phe- 
nomena accompanying the passage of light through cir- 
cularly polarizing media. He says : 

: “The laws of the propagation of light in plane waves, which 
have thus been derived from the single hypothe.sis that the dis- 
turbance by which light is transmitted consists of solenoidal 
electrical fluxes, . . . are essentially those which are received 
as embodying the results of experiment. In no particular, so 
far as the writer is aware, do they conflict with the results of 
experiment, or require the aid of auxiliary and forced hypotheses 
to bring them into harmony therewith. 

In this respect tlie electromagnetic theory of light stands in 
marked contrast with that tlieory in wliich the properties of an 
elastic solid are attributed to the ether, — a contrast which was 
very distinct in Maxwell’s derivation of Fresnel’s laws from 
electrical principles, but becomes more striking as we follow the 
subject farther into its details, and take account of the want of 
absolute homogeneity in the medium, so as to embrace the 
phenomena of the dispersion of colors and circular and elliptical 
polarization.’’ 

Further Dynamical Theories. — Kelvin, however, was 
not satisfied with this type of ether. To him dynamics 
was the foundation of all physical phenomena, and noth- 
ing could be said to be explained until a mechanical model 
was provided. So he returned to the elastic solid theory, 
and developed the consequences of the assumption, 
already made use of by Cauchy, that the ether has a nega- 
tive volume elasticity of such a value as to make the 
velocity of the compressional wave zero. In order to 
prevent such an ether from collapsing it is necessary to 
assume that it is rigidly attached at its boundaries and 
that cavities cannot he formed at any point in its interior. 
Now Gibbs (37, 129, 1889) has pointed out the remark- 


Kelvin’s quasi-labile etlier are of exactly the same form 
as the electromagnetic equations. Electric displacement 
is represented by an actual displacement of the ether, 
magnetic intensity by a rotation. Plence everything 
which can be explained by the electrodynamic equations 
iinds an analogue in terms of Kelvin’s ether. Still 
another type of dynamic ether which fits the known facts 
was proposed by McCullagh and perfected by Larmor. 
In this ether a rotational elasticity is premised, such as 
would exist if each particle of the medium consisted of 
three rigidly connected gyrostats with mutually perpen- 
dicular axes. In this ether electrical displacements cor- 
respond to rotations, and magnetic strains to etherial dis- 
placement. 

A New Point of Vieiv . — Wlhle the dynamical school 
was still dominant in England, another point of view 
was developing on the continent. Kirchhoff denied 
that it was the province of science to provide mechanical 
explanations of the ether and electrodynamic phenomena 
such as Kelvin conceived to be necessary in order to make 
these phenomena intelligible. Kirchhoff ’s contention 
was that the object of science is purely descriptive, — 
phenomena must be observed, classified, and mutual con- 
nections described by the fewest number of differential 
equations possible. Mach expressed the same idea 
somewhat more concisely when he asserted that the aim 
of science is “economy of thought.” For instance, in 
the time of Newton, planetary motions could be described 
quite satisfactorily by moans of the three laws of Kepler. 
The motion of failing bodies on the earth’s surface had 
been described with a fair degree of accuraoy by Galileo. 
The value of Newton’s law of gravitation, however, lay in 
the fact that this great generalization made it possible to 
describe these and many other types of motion by a 
single simple formula, instead of leaving each to be gov- 
erned by a number of separate and apparently unrelated 
laws. The importance of such a generalization is meas- 
ured by the economy of thought wlaich it introduces. 

Electron Theory . — The electron theory was leading to 
a reversal of Kelvin’s idea that dynamical principles 
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same instant, but at a time earlier sufficient to allow the 
effect to travel with the velocity of light from the charges 
and currents producing the field to the point at which the 
electric and magnetic intensities are to be found. The 
position of a charge or current clement at this earlier time 
he denoted its “effective position.” The effective distri- 
bution, then, is that actually seen by an observer stationed 



at the point under consideration at the instant for which 
the intensity of the electromagnetic field is to be deter- 
mined. This solution of the electrodynamic equations 
led in turn to rigorous expressions for the electric and 
magnetic intensities produced by a very small charged 
particle, such as an electron. Fig. 1 shows the electro- 
static field produced by a charged particle at rest. The 
lines of force spread out radially and uniformly in all 
directions. In fig. 2 the electron is supposed to have a 
velocity v horizontally to the right of an amount smaller 
than, though comparable with, the velocity of light c. 
It is seen that the lines of electric force still diverge 
radially from the charge, but are crowded in the equato- 
rial plane and spread apart in the polar regions. The 
dissymmetry grows as the velocity increases until if the 
velocity of light should be reached the field would be 
entirely concentrated in a plane at right angles to the 
direction of motion. Now it may be shown that fig. 2 is 
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direction of motion in the ratio of 

VlIT^ ; 1, where 

For a uniformly conveotcd electric field differs from an 
electrostatic field only in that the dimensions in the direc- 
tion of motion are contracted in this particular ratio. 
Pig. 3 represents the electric field of a charged particle 
which has a uniform acceleration to the right. Consider 
Faraday’s analogy between lines of force and stretched 
elastic bands. The symmetry of the first two figures 
shows that in neither of these cases would there be a 
resultant force on the charged particle. But in the third 
figure it is obvious that a force to the left is exerted on 
the charge by its own field. Calculation shows this force 
to be proportional in magnitude to the acceleration. Let 
it be postulated that the resultant force on a charged 
particle is always zero. Then if F is the applied force, 
the force on the particle due to the reaction of its field 
will be — m f, where / stands for the acceleration and m 
is a positive constant, and we have the fundamental 
equation of dynamics 

F — mf — 0 

Hence, instead of admitting Kelvin’s contention that all 
physical phenomena must be given a mechanical explana- 
tion, it would seem more logical to assert that electro- 
dynamics actually underlies mechanics. 

Calculation shows the electromagnetic mass m to vary 
inversely with the radius of the charged particle. Now 
Thomson’s expez'iments made it possible to calculate the 
mass of an electron. Hence its radius can be computed, 
and is found to be about 2(10)"^® part of a centimeter, or 
one fifty-thousandth part of the radius of the atom. 
Since numbers so small convey little meaning, consider 
the following illustration, due, in part, to Kelvin. 
Imagine a single drop of water to be magnified until it is 
as large as the earth. The individual atoms would then 
have the size of baseballs. Now magnify one of these 
atoms until it is comparable in size with St. Peter’s 
cathedral at Rome. The electrons within the atom would 
appear as a few grains of sand scattered about the nave. 


atom, — so great in comparison witn tneir aimensions, — 
explains how alpha particles can be shot by the billion, 
through thin-walled glass tubing without leaving any 
holes behind or impairing in the slightest degree the high 
vacuum within the tube. The much smaller high-speed 
beta particles pass through an average of ten thousand 
atoms without even coming near enough to one of the 
component electrons to detach it and form an ion. 

Michels on-Morley Experiment . — In 1881 Michelson 
(22, 120, 1881) conceived an ingenious and bold method 
of measuring the orbital motion of the earth through the 
luminiferous ether. As the experiment was one involv- 
ing considerable expense, Bell, the inventor of the tele- 
phone receiver, was appealed to successfully for the 
funds necessary to carry it through. Michelson ’s 
experimental plan was as folloAvs : A beam of light 
traveling in the direction of the earth’s motion strikes 
an nnsilvered mirror m at an angle of 45°. Part of the 
light passes through, the rest being reflected at right 
angles to its original direction. Each ray is returned by 
a mirror at a distance I from m. On meeting again, the 
ray whose path has been at right angles to the direction 
of the earth’s motion passes on through the mirror, while 
the other ray is reflected so as to bring the two in line 
and foi’m interference fringes. Now consider the effect 
of the earth’s motion on the paths of the two rays. In 
fig. 4 the earth is supposed to be moving to the right. 
The unsilvered mirror m bifurcates a beam of light com- 
ing from a source a. By the time the ray reflected from 
m has traveled to the mirror b and back, m will have 
moved forward to m' ; a distance 2 pi, where the small 
quantity p is the ratio of the earth’s velocity to the 
velocity of light. Hence the length of the path traversed 
by this ray is approximately 

I p>y 

The other ray will reach the mirror c after the latter has 
moved forward a distance 


1 -/3’ 

and on returning find m at m'. Hence its path has a 
length of roughly 21 (1 + /S^). The difference in path of 
the two rays is ft- 1 and consequently they should be a 
little out of phase on meeting at d. By rotating the 
apparatus clockwise through 90° the directions of the 
two rays relative to the earth’s motion are interchanged, 

Fig. 4. 
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and the interference fringes would, be expected to shift 
an amount corresponding to a difference in path of 2 1. 

This quantity is of course small, — is about one one- 
hundred millionth, — but so sensitive are the methods of 
interferometry that Michelson felt confident that he 
would be able to detect the earth’s motion through the 
ether. The apparatus consisted of a table which could 
be rotated about a vortical axis in much the stime way 
as a spectrometer table, and provided with arms a meter 
long to carry the mirrors h and c. With this length of 
arm the interference fringes from sodium light should 
shift by an amount corresponding to four hundredths of 
a wave length when the table is rotated through a right 
angle. When the experiment Avas first performed the 
apparatus was placed on a stone pier in the Physical Insti- 


vibrations that even atter midnight it was lound impos- 
sible to g'Gt consistent readings. Finally a satisfactory 
foundation was constrnctod in the cellar of the Astro- 
phJ^sieal observatory at Potsdam. But what was the 
astonishment of the experimenter^ to find that the 
expected shift of the interference fringes did not exist I 

The extreme delicacy of the experiment made it desir- 
able to confirm the result by repeating it. This was 
done by Michelson and Morloy (34, 333, 1887) in 1887. 
In place of a revolving table a massive slab of stone 
floating on mercury was used to carry the apparatus. 
This slab was kept in constant rotation, the observer 
following it around. Moreover, the precision of the 
experiment was greatly increased by reflecting each ray 
back and forth across the slab a number of times between 
leaving and returning to the mirror m. The accuracy 
attained was such as to justify Michelson in declaring 
that if the effect sought actually existed it could not be 
so great as one-twentieth of its calculated value. In 
1905 Morley and Miller*''* repeated the experiment for the 
second time and succeeded in increasing the sensitiveness 
of the apparatus to a point such that a motion through 
the ether of one-tenth of the earth’s orbital velocity 
could have been detected. 

The displacement looked for in the Michelson-Morley 
experiment is known as a second-order effect in that it 
depends upon the square of the ratio of the velocity of the 
earth to that of light. Michelson at first considered that 
the negative result obtained confirmed a theory proposed 
by Stokes in which it was assumed that the ether inside 
and near its surface partakes of the motion of the earth, 
while that at a distance is practically quiescent. But 
there are many objections to Stokes’ theory, one of which 
was brought out by an experiment of Micholson’s (3, 475, 
1897) in which he attempted by an interference method 
to detect a difference in the velocity of light at different 
levels above the earth’s surface. The negative result 
obtained led him to conclude that if Stokes’ theory were 
true the earth’s influence on the ether would have to 
extend to a distance above its surface comparable with 
its diameter. Meanwhile a more satisfactory explana- 



uniformly convoctcci clGctric liekl is derivable from an 
electrostatic field by contracting dimensions in the direc- 
tion of motion in the ratio 
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Fitzgerald and Lorentz showed independently that if 
moving matter is distorted in this same way the result 
obtained by Michelson would bo just that to be oxpoel:ed. 
For then the distance of the mirror c from m would bo 

I 

instead of I, and the path of the ray moving iDarallel to 
the earth’s orbit 

2^( 1 -I- 

which is just that of tho other ray. Of course when tlio 
apparatus is rotated thi'ough 90'’, tho distance of this 
mirror from m assumes its uorinal value again, and tho 
distance of the other mirror becomes shortened. As all 
mcasuroiuent consists in comparing tho objemt to be 
measured with a standard tliia contraction could nevm; 
be detected by cxporimontal methods, for tho nicusuring 
rod would contract in exactly the same ratio as tho body 
to be measured. 

In computing its cloctromagnetic mass Abrabain had 
assumed tho electron to ho a uniformly chargcal rigid 
sphere which keeps its sphoricial form no inal.ter Low 
great a velocity it may be given. Ho found that the mass 
increases with the speed at very high volocilies, becom- 
ing infinite as tho velocity of light is approached, a.nd 
that its value depends upon tho dircctloii of the applied 
foi'CG. After the Pitzgerald-Lorontz contraction was 
seen to bo necessary in order to explain Michclson’s 
result, Lorentz calcmlatod tho olcotromagnetie mass of a 
charged sphere which is deformed into an oblate sidieroid 
when set in motion. For this typo of electron too, tho 
mass approaches infinity for volooities as groat as that of 
light, and is different for different directions. If a 
force is applied in the direction of motion the inertia to 
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be overcome is a little greater than when the force is 
applied at right angles to this direction. Thus we 
have to distinguish between longitudinal and transverse 
masses. But the masses of Lorentz’s electron are not 
the same functions of its velocity as those of Abraham’s. 
Kaufmann and after him Buchercr tested experimentally 
the relation between transverse mass and velocity by 
observing the deflections produced by electric and mag- 
netic fields in the paths of high speed beta particles. 
The latter’s work was such an ample confirmation of 
Lorentz’s formula that it may be considered as proven 
that a moving electron at least suffers contraction in the 
direction of motion in the ratio 

; 1 . 

The electromagnetic theory of light had proved so 
successful when applied to bodies at rest that Lorentz 
was anxious to extend this theory to the optics of moving 
media. His problem was to find a group of homogeneous 
linear transformations that would leave the form of the 
electrodynamic equations unchanged. The Michelson- 
Morley experiment had shown that dimensions in the 
direction of motion must be contracted in the moving 
system, those at right angles remaining unaltered. But 
Lorentz soon found that it was also necessary to use a 
new unit of time in the moving system, and as this time 
was found to depend upon the 'position of the point at 
which it is to be determined, he called it the local time. 
Lorentz’s transformation is just that of the principle 
of relativity, but he did not succeed in expressing the 
electrodynamic equations in terms of the new coordinates 
and time in exactly the same form as for a system at 
rest, for the reason that he failed to endow these new 
units with sufficient reality to justify him in using them 
when it came to transforming the velocity term involved 
in an electric current. 

Principle of Relativity . — In 1905 appeared in the 
Annalen der Physild^ a paper destined to alter entirely 
the point of view from which problems in light and elec- 
tromagnetic theory are to be approached. The author 
was Albert Einstein, of Berne, Switzerland, a young man 
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contributions to theoretical physics. 

The principle of relativity proposed by Einstein was 
by no means new to students of dynamics. Newton’s 
first two laws of motion express very dearly the fact that 
in mechanics all motion is relative. Force is propor- 
tional to acceleration, and the relation between the two 
is the same whether the motion under consideration is 
referred to fixed axes or to axes moving with a constant 
velocity. But in connection with the phenomena of light 
and electromagnetism the case seemed to be quite differ- 
ent. There everything was referred to a fixed ether, and 
even though Lorentz had found a set of transformations 
which left the elcctrodymanic equations practically 
unchanged, he continued to think in terms of an ether. 
So physicists were not a little startled when Einstein 
postulated that no experiment, practical or ideal, could 
ever distinguish between two systems in such a manner 
as to warrant the assertion that one of them is at rest 
and the other in motion. All motion is relative, and the 
laws governing physical, chemical and biological phe- 
nomena are the same in terms of the units of one system 
as in terms of those of any other. 

Einstein next considers some very fundamental ques- 
tions. What do we mean when we say that two events, 
one at A and the other at a point B far from A, occur at 
the same time? Obviously the expression has no signi- 
ficance unless synchronous clocks are stationed at the 
two points. But how is it to be determined whether or 
not these two clocks are synchronous? If instantaneous 
communication could be established between A and_B 
the matter would be simple enough. Since no infinite 
velocity of transmission is available, however, let a light 
wave be sent from A to B and returned to A immediately 
upon its arrival. If the time indicated by the clock at 
B when the signal is received is half way between that at 
which it left A and the time at which it arrives on its 
return, then the two clocks may be considered syn- 
chronous. Now if it desired to measure the length of a 
bar which is moving parallel to the scale with which the 
measurement is to be made, it is necessary to note the 
positions of the two ends of the bar at the same instant. 



depends upon the conditiorL of synchronism at different 
points in space. 

The principle of relativity requires that the velocity 
of light shall be the same in one system as in another 
relative to which the first is in motion. Hence the 
definition of synchronism makes it possible to obtain a 
set of transformations connecting space and time meas- 
urement on one system with those on another. This 
group of transformations is exactly that which Lorentz 
had found would transform the electrodynamic equations 
into themselves. But Einstein’s point of view brought 
out a remarkable reciprocity which Lorentz had missed. 
If two parallel rods MN and OP are in motion relative to 
each other in the direction of their lengths, not only does 
OP appear shortened to an observer at rest with respect 
to MN, but MN appears shorter than normal in the 
same ratio to an observer who is moving along with the 
rod OP. 

Einstein’s theory makes the velocity of light the maxi- 
mum speed with which a signal can be transmitted. This 
leads to his celebrated addition theorem. Consider three 
observers A, B and C. Let B be moving relative to A 
with a velocity of nine-tenths the velocity of light, and 0 
in the same direction with an equal velocity relative to B. 
In terms of old-fashioned notions of time and space, the 
velocity of C relative to A would be computed as one and 
eight-tenths the velocity of light. But the relativity 
theory gives it as ninety-nine hundredths the velocity of 
light. For the velocity of light can never be surpassed 
by that of any material object. This deduction from 
theory is most strikingly confirmed by the fact that 
although beta particles have been observed with velocities 
as high as ninety-nine hundredths that of light, the 
velocity of light is never quite equalled. It may be 
remarked in passing that the principle of relativity 
requires that the masses of all material bodies shall vary 
with the velocity in the same manner as Lorentz found 
to be the case for the electromagnetic mass of the deform- 
able electron. In this connection Bumstead (26, 498, 
1908) has devised an elegant method of deducing the 
ratio of longitudinal to transverse mass. 


principle of relativity is obvious from the fact that both 
lead to the same time and space transformations. Fur- 
thermore L. Page (37, 169, 1914) has shown that the 
clectrodynamic equations can be derived exactly and in 
thqir entirety from nothing more than the kinematics of 
relativity and the assumption that every element of 
charge is a center of uniformly diverging lines of force. 
Hence it may safely be asserted that no purely electro- 
magnetic phenomenon can ever come into contradiction 
Avith this principle. The simplicity thus introduced into 
the solution of a certain class of problems is enormous. 
As an example consider the question as to whether a mov- 
ing star is retarded by the reaction of its own radiation. 
This purely electrodynamical problem is of such com- 
plexity that attempts to solve it have led to some contro- 
versy among mathematical physicists. The principle of 
relativity tells us Avithout recourse to analysis that no 
retardation can exist. 

Throughout the nineteenth century the ether has 
played a fundamental part in all important physical 
theories of light and electromagnetism. But if it is not 
possible for experiment to detect even the state of 
motion of the ether, Avhy postulate the existence of such a 
medium? If it docs not possess the most fundamental 
characteristic of matter, hoAv can it possess such derived 
properties as density and elasticity, — properties Avhich 
any conceivable mechanical medium must haA^e in order 
to transmit transverse Adbrations? The relativist does 
not deny the existence of an ether. To him the question 
has no more meaning than if he Avere asked to express an 
opinion as to the reality of parallels of latitude on the 
earth’s surface. Asa convenient medium of expression 
in describing certain phenomena the ether has justified 
much of the use Avhich has been made of it. But to 
attribute to it a degree of substantiality for Avhich there 
is no Avarrant in experiment, is to change it from an aid 
into an obstacle to the progress of science. From the 
relatiAost point of view the distinction is Amry sharp 
betAAmen those motions of charged particles Avhich are 
experimentally observable, and such geometrical conAmn- 
tions as electromagnetic fields, or analytical symbols as 


380 A CENTUEY OP SCIENCE 

electi'ie and magnetic intensities. These modes of repre- 
sentation have been and still are of the greatest use and 
importance, but their value in scientific description must 
not lead to lack of appreciation of their purely specula- 
tive character. 

Finally attention must be drawn to the fact that the 
discoveries of inductive science, embodied in the great 
generalization we have just been discussing, have led to 
a more intimate knowledge of the nature of time and 
space than twenty centuries of introspection on the part 
of professional philosophers. Minskowski, whose prom- 
ise of greater achievement was cut off by an untimely 
death, has shown that four dimensional geometry makes 
possible the representation with beautiful simplicity of 
the time and space relationships of this theory. The 
one time and three space dimensions merge in such a 
manner as to form a single whole with not a vestige of 
differentiation between these fundamental quantities. 
Wilson and Lewis’® have made this representation famil- 
iar to American readers through their admirable trans- 
lation of Minskowski’s work into the notation of Gibbs’s 
vector analysis. 

Aberration, the Doppler effect, anomalous dispersion, 
— indeed all known phenomena, — arc found to be in 
accord with the principle of relativity. It must be 
borne in mind, however’, that this principle applies only 
to systems moving relative to one another in straight 
lines with constant velocities. That there is something 
absolute about rotation has been recognized since Fou- 
cault performed his famous pendulum experiment in 1851. 
This experiment (C. S. Lyman, 12, 251 and 398, 1851) 
consisted in setting a pendulum composed of a heavy 
brass ball suspended by a long wire into oscillation in 
such a way as to avoid appreciable ellipticity in its 
motion. Observation of the rate at which the ground 
rotates relative to the plane of vibration of the pendulum 
furnished a method of measuring the rotation of the 
earth about its axis ivithout reference to celestial bodies. 
The gyroscopic compass in use to-day provides yet 
another terrestrial method of detecting this rotation. 

The Future of Physics . — At times during the history 
of physics it has seemed as if the fundamental laws of 
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nothing remained to future generations beyond tire 
routine of deducing to the full the consequences of these 
laws, and increasing the precision of the methods used 
to measure the constants appearing in them. That 
Laplace held this view has already been pointed out, and 
Maxwell, in his introductory lecture at the opening of the 
Cavendish laboratoi'y in 1871, said, “This characteristic 
of modern experiments — that they consist principally of 
measurements — is so prominent, that the opinion seems 
to have gotten abroad that in a few years all the great 
physical constants will have been appro.ximatcly esti- 
mated, and that the only occupation which rvill then be 
left to men of science will be to carry on these measure- 
ments to another place of decimals.” That ho himself 
did not entertain this view is made evident by a succeed- 
ing paragraph. ‘ ‘ But we have no right to think thus of 
the unsearchable riches of creation, or of the untried fer- 
tility of those fresh minds into which these riches will 
continue to be poured. It may possibly be true that, in 
some of those fields of discovery which lie open to such 
rough observations as can be made without artificial 
methods, the great explorers of former times have 
appropriated most of what is valuable, and that the 
gleanings which remain are sought after rather for their 
abstruseness than for their intrinsic worth. But the his- 
tory of science shows that even during that phase of her 
progress in which she devotes herself to improving the 
accuracy of the numerical measurement of quantities 
with which she has long been familiar, she is preparing 
the materials for the subjugation of new regions, which 
would have remained unknown if she had been contented 
with the rough methods of her early pioneers. ...” 

That Maxwell’s forecast of the prospects of his science 
was no overestimate will be granted by those who have 
followed the progress of physics during the last twenty 
years. Yet the work accomplished in the past appears 
small compared to that which is left to the future. Many 
of the unsolved problems are matters of fitting together 
puzzling details, but there is at least one whose solution 
appears to demand a radical modification in our funda- 
mental physical conceptions. This is the formulation of 
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itivcly cnarged particles inside tne atom. 

Black Radiation . — The significance of the problem was 
first brought to light through the study of black radia- 
tion. By a black body is meant one whose distinguishing 
characteristic is that it emits and. absorbs radiation of all 
frequencies, and black radiation is that which will exist in 
thermal equilibrium with such a body. The interest of 
this type of radiation lies in the fact, demonstrated by 
Kirchhoff, that its nature depends only upon the temper- 
ature of the black body with which it is in equilibrium, 
and on none of this body’s iihysical or chemical charac- 
teristics. Thus we may speak of the “temperature” of 
the radiation itself, meaning by this the temperature of 
the material body with which it would be in equilibrium. 

The problem of black radiation is to find the distribu- 
tion of energy among’ the waves of dilferent frequencies 
at any given temperature. The first step toward a solu- 
tion was made when Stefan 'showed experimentally, and 
Boltzmann as a deduction from thermodynamics and 
electrodynamics, that the total energy density summed 
up over all wave lengths varies with the fourth power of 
the absolute temperature. If the energy density is 
plotted as ordinate against the wave length as abscissa, 
the experimental curve for any one temperature rises 
from the axis of abscissas at the origin, reaches a maxi- 
mum, and falls to zero again as the wave length becomes 
infinitely great. Now Wien’s displacement law, the 
second important step toward the determination of the 
form of this curve, shows that as the temperature is 
raised the wave length to which its highest point cor- 
responds becomes shorter, — in fact this particular wave 
length varies inversely Avith the absolute temperature. 
This theoretical conclusion is entirely confirmed by 
experiment. (J. W. Draper, 4, 388, 1847.) 

Farther than this general thermodynamical princi- 
ples are unable to go. Statistical mechanics, however, 
asserts that when a large number of like elements are in 
thermal equilibrium, the average kinetic energy asso- 
ciated with each degree of freedom is equal to a universal 
constant multiplied by the absolute temperature. This 
“principle of equi-partition of energy” has been applied 



straightforward method is based on the equilibrium 
which must ensue between radiation field and material 
oscillators wheii the latter emit, on the average, as much 
energy as they absorb. From whatever aspect the prob- 
lem is treated, however, the radiation law obtained from 
the application of the equi-partition principle is the same. 
And while this law agrees well with the experimental 
curve for long wave lengths, it shows an energy density 
that becomes indefinitely great for extremely sliort 
waves, which is not only at variance with the facts, but 
actually leads to an infinite value of this quantity when 
integrated over the entire spectrum. 

The Energy Quantum . — Now the principle of equi- 
partition of energy re'sts securely on most general 
dynamical principles. That those djmamical laws are 
inexact to any such extent as the divergence between 
theory and experiment would indicate, is inconceivable; 
that they are insiofficient when ai^plied to motions of elec- 
trons in such intense fields as occur within the atom 
seems no longer open to doubt. In order to obtain a 
radiation formula in accord whth experiment Planck has 
found it necessary to extend the atomic idea to energy, 
which he conceives to exist in multiples of a fundamental 
quantum hv, v being the frequency and h Planck’s con- 
stant. That some such hypothesis of discontinuity is 
essential in order to obtain any law that will even 
approximately fit the experimental facts has been proved 
by Poincare. But the precise spot at which the quantum 
is introduced differs for every new derivation of Planck’s 
law. As deduced most recently by Planck himself, the 
quantum shows itself in connection with the emission of 
energy by the material oscillators with which the radi- 
ation field is in equilibrium. These oscillators are sup- 
posed to act quite normally in every respect except 
emission; here the radiation demanded by the electro- 
dynamic equations is cast aside, and an oscillator is 
supposed to emit at once all its energy after it has accu-! 
inulated an amount equal to some integral multiple of hv.' 
A form of the theory which does not contain this improb- 
able contradiction of the firmly established facts of 
electrodynamics introduces the quantum into the spocifi-l 



each oscillator. Here both emission and absorption fol- 
low the classical theory, but the motion of an emitting' 
and absorbing linear oscillator of frequency i' is supposed 
to be stable only for those amplitudes for which the energy 
of its oscillations is an integral multiple of liv. In order 
to maintain the energy at these particular values, the 
oscillator may draw energy froin, or deposit surplus 
energy with, other degrees of freedom which partake 
neither in emission nor absorption, but act merely as 
storehouses. 

Photoelectric Effect . — When investigating the produc- 
tion of electromagnetic waves. Hertz had noticed that a 
spark passed more readily between the terminals of his 
oscillator when the negative electrode was illuminated by 
light from another spark. Further investigation by 
Plallwachs, Elster and Goitel, and others showed that this 
effect was due to the emission of electrons by a metal 
exposed to the influence of ultra-violet light. Lenard 
discovered that the energy with which a negatively 
charged particle is ejected is entirely independent of the 
intensity of the light, and further investigation showed 
it to depend only on the frequency. Einstein suggested 
that the electrons appearing in this so-called photo-elec- 
tric effect start from within the metal with an initial 
energy hv. In passing through the surface a resistance 
is encountered, however, so he concluded that the energy 
with which the fastest moving electrons appear outside 
the metal should be equal to hv less the work done in 
overcoming this resistance. Recent experiments not 
only confirm this relation, but provide a most satisfac- 
tory method of determining the value of h. Millikan^® 
finds it to be 6'57(10)‘“^ ergs sec., which gives the quan- 
tum for yellow light a value sixty times as great as the 
heat energy of a monatomic gas molecule at 0°C. That 
this large amount of energy can be transferred from the 
incident light to the ejected electron is quite out of the 
question; it must come from within the atom. In this 
way some indication is obtained of how vast intra-atomic 
energies must be. 

Structure of the Atom . — The generally accepted model 
of the atom is that due chiefly to Rutherford.” Ho con- 


positive nucleus either singly or grouped in concentric 
rings, in much the same manner as the plaiicts revolve 
around the sun. Experiments on the scattering of alpha 
rays, however, show that the nucleus, while it must have 
a positive charge sufficient to neutralize the charges of 
all the electrons moving around it, cannot have a volume 
of an order of magnitude greater than that of the elec- 
tron. The number of unit charges residing on it,_ except 
in the case of hydrogen, which is supposed to consist of a 
singly charged nucleus and only one electron, is found to 
be approximately half the atomic weight. Thus helium, 
Avith an atomic Aveight of about four, has a doubly 
charged nucleus Avith Iavo electrons revolving about it, 
and lithium a triply charged nucleus and three electrons. 
The number of unit charges on the nucleus is supposed to 
correspond AAuth the atomic number used by Moseley in 
interpreting the results of his experiment on the X-ray 
spectra of the elements. 

Now the electron AAdiich is revolving around the posi- 
thm nucleus of a hydrogen atom, must, according to elec- 
trodynamic laws, radiate energy. This radiation Avill 
act as a resistance to its motion, causing its orbit to 
become smaller and its frequency to increase. Hence 
luminous hydrogen would be expected to give off a con- 
tinuous spectrum. The very flue lines actually found 
seem inexplicable on the classical dynamical and electro- 
dynamical theories. These lines, and those of many 
other spectra, may even be grouped into series, and the 
relations betAveen them expressed in mathematical form. 
Formulas haAm been proposed by Balmer, Kydberg, Eitz 
and others, all of which contain a universal constant N 
as well as certain parameters which must be varied by 
unity in passing from one line of a series to the next. 

In 1913 Bohr’® proposed anatomic theory Avhich brings 
to light a remarkable numerical relationship betAveen 
this quantity N and Planck’s constant h. He postulated 
that the electron in the hydrogen atom, for instance, can- 
not revolve in a circle of any arbitrary radius, but is con- 
fined to those orbits for which its kinetic energy is an 
integral multiple of h n, n being its orbital frequency. 
Now at times this electron is supposed to jump from an 


orbit over the second is radiated away. But the energy 
emitted is also taken to be equal to liv, where v is the fre- 
quency of the radiation. Plence v can be determined, and 
the expression obtained for it is exactly that given long 
before by Balmer as an empirical law. The most 
remarkable thing about it, however, is that Bohr’s result 
contains a constant involving h and the electronic charge 
and mass which has precisely the value of the universal 
constant N of Balmer ’s and Rydberg’s formulte. In all, 
the theory accounts for three series of hydrogen, and 
yields satisfactory results for helium atoms which have 
lost an electron, or lithium atoms which have a double 
positive charge. But for atoms which' retain more than 
a single electron it seems no longer to hold. 

The three mentioned are only the most clearly defined 
of a growing group of phenomena in which the quantum 
manifests itself. Its significance and the alteration in 
our fundamental conceptions to which it seems to be 
leading is for the future to make clear. That it presents 
the most important and interesting problem as yet 
unsolved few physicists would deny. 

American Physicists . — In attempting to cover the 
progress of physics during the last hundred years in the 
space of a few pages, many important developments of 
the subject have of necessity remained untouched, and 
the treatment of many others has been entirely inade- 
quate. Among those appearing in the Journal of which 
no mention has been made are LeConte’s (25, 62, 1858) 
discoverj’- of the sensitive flame and Rood’s (46, 173, 
1893) invention of the flicker photometer. However, 
enough has been recounted to indicate the pre-eminent 
position in the history of physics in America occupied by 
four men: Joseph Henry, of the Albany Academy, 
Princeton, and the Smithsonian Institution; Henry 
Augustus Rowland, of Johns Hopkins University; 
Josiah Willard Gibbs, of Yale; and Albert Abraham 
Michelson, of the United States Naval Academy, Case 
School of Applied Science, Clark University, and the 
University of Chicago. Of these, the last named has the 
distinction of being the only American physicist to have 
received the Nobel prize, though there is little doubt that 
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not thoii’ importaait -work boon pnblislied piioi' to the 
institution of this awai’d. All four occupy high places 
in the ranks of the world’s great men of science, and the 
investigations carried out by them and their fellow 
workers in America have given to their country a posi- 
tion in the annals of physics which is by no means insig- 
nificant. 

The JoiirnaVs Tart in Meteorology, 

The meteorological investigations published in the 
early numbers of the Journal have played an important 
role in establishing a correct theory of storms. Before 
the origin of the United States Signal Service in 1871 no 
systematic weather reports were issued by any govern- 
mental agency in this country, and consequently the work 
of collecting as well as interpreting meteorological data 
rested entirely in the hands of interested individuals and 
institutions. The earliest important studies of storms 
to appear in the Journal wore contributed by Rcdfield of 
New York, whose first paper (20, 17, 1831) treated in 
considerable detail a violent storm which passed over 
Long Island, Oonnecticut and Maasaclmsotts in 1821. 
He concluded that “the direction of the wind at a partic- 
ular place, forms no part of the essential character of a 
storm, but is only incidental to that particular loortion 
... of the track of the storm which may chance to 
become the point of observation, . . . the direction of 
the wind being, in all cases, compounded of both the rota- 
tive and progressive velocities of the storm.” A few 
years later, analyses of twelve “gales and hurricanes of 
the Western Atlantic” (31, 115, 1837) led to the statement 
that the phenomena involved “arc to bo ascribed mainly 
to the mechanical gravitation of the atmosphere, as con- 
nected with the rotative and orbital movements of the 
earth’s surface.” In this paper is emphasized the fact 
that the wind may blow in diametrically opposite direc- 
tions at points near the storm center. “"IWalo one ves- 
sel has been lying-to in a heavy gale of wind, another, not 
more than thirty leagues distant, has at the very same 
time been in another gale equally heavy, and lying-to 
with the wind in quite an opposite direction. ’ ’ From an 


would anrer mat, at this time, Jxediieid believed the 
motion of the air to be very nearly in circles about the 
storm center. The same idea is conveyed by a later 
paper (42, 112, 1842). Espy (39, 120,1840) of Philadel- 
phia, however, claimed that observation showed rather 
that the wind blew inwards toward a central point, if the 
storm were round in shape, or toward a central line, if 
it were oblong. This view Eedfield (42, 112, 1842) con- 
tested, and brought forth much evidence to prove its 
falsity, A later statement ( 1 , 1, 1846) of his own theory 
is as follows: “I have never been able to conceive, that 
the wind in violent stoi’ms moves only in circles. On the 
contrary, a vortical movement . . . appears to be an 
essential element of their violent and long continued 
action, of their increased energy towards the center or 
axis, and of the accompanying rain. . . . The degree of 
vorticular inclination in violent storms must bo subject, 
locally, to great variations; but it is not probable that, 
on an average of the different sides, it ever comes near to 
foi'ty-iive degrees from the tangent of a circle, — and 
that such average inclination ever exceeds two points of 
the compass, may well be doubted.” A qualitative 
explanation of the effect of the earth’s rotation on the 
direction of the wind near the storm center had already 
been given ly Tracy (45, 65, 1843), and this was followed 
some years later by Ferrel’s ( 31 , 27, 1861) very thorough 
quantitative investigation of the dynamics of the 
atmosphere. 

A number of individuals kept systematic records of 
meteorological observations, among whom was Loomis, 
whose storm analyses did much to settle the merits of the 
rival theories of Eedfielcl and Espy. In studying the 
storm of 1836 (40, 34, 1841) he had drawn on the map 
lines through those points in the track of the storm where 
the barometer, at any given hour, is lowest. While this 
method revealed the general direction in which the storm 
was progressing, it failed to give much indication of its 
size or shape. In discussing the two toimadoes of Feb- 
ruary, 1842, one of which had already been described 
in the Journal ( 43 , 278, 1842), he adopted a now and 
more illuminating graphical method. Instead of connect- 
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points where the barometer stood at its normal level, then 
one through those points at which the pressure was 2/10 
of an inch below normal, and so on. Temperature he 
treated in much the same ^vay, and the strength and 
direction of the wind were indicated by arrows. This 
innovation gave to his storm analyses a significance 
which had been entirely lacking in those of his predeces- 
sors, and led to the familiar systems of isobars and iso- 
therms in use on the daily charts issued by the Weather 
Bureau at the present time. Loomis advocated careful 
observations for one year at stations 50 miles apart all 
over the United States, so that sufficient data might bo 
obtained to settle once for all the law of storms. His 
efforts, seconded by those of Henry, Bachc, li*ierce, Abbe, 
and Lapham, led eventually to the establishmont of the 
Signal Service, and the publication of daily weather 
maps according to the plan advocated thirty years 
before. These maps afforded a basis for further 
analyses of storms, which he published in numerous 
“Contributions to Meteorology” (8, 1, 1874, at sag.) 
between 1874 and his death in 1890. 

In addition to his work on storms, Loomis made a care- 
ful study of the earth’s magnetism (34, 290, 1838 at sag.), 
and of the aurora borealis ( 28 , 385, 1859 ot sag.). That 
a connection existed between sunspots, aurora, and ter- 
restrial magnetism was already recognized. Loomis (50, 
153, 1870 et seq.), however, showed that the periodicity 
of the aurora borealis, as well as of excessive disturb- 
ances in the earth’s magnetic field, corresponds very 
closely with that of sunspots. 
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A CENTURY OF ZOOLOGY IN AMERICA 
By WESLEY R. COE 

T his article is intended as a brief survey of the 
development of zoology in America, and no attempt 
is made to give a general history of the science. 
There are numerous accounts in several languages of 
zoological histoj’y in general, among them being W. A. 
Locy’s “Biology and its Makers.” Brief outlines of the 
history of zoology may be found in many zoological and. 
biological text-books. 

For the history of American zoology the reader is 
referred to Packard’s report on “A Century’s Progress 
in American Zoology,” published in the American Nat- 
uralist, (lOj 591, 1876), to Packard’s “History of Zool- 
ogy,” published in volume 1 of the Standard Natural 
History (pp. Ixii to Ixxii, 1885) ; to G. B. Goode’s 
“Beginnings of Natural History in America,’” and 
“Beginnings of American Science, ’’^ and to H. S. Pratt’s 
Manual of the Common Invertebrate Animals (pp. 1-9), 
1916. In Binney’s “Terrestrial Air-breathing Mollusks 
of the United States” (1851) is a chapter on the rise of 
scientific zoology in the IJnited States which well describes 
the zoological conditions in the early part of the century, 
while numerous monographs and papers give the history 
of the investigations on the various groups of animals 
or on special fields of study. 

Brief biographical sketches of the most distinguished 
of our older Naturalists — Wilson, Audubon, Agassiz, 
Wyman, Gray, Dana, Baird, Marsh, Cope, Goode and 
Brooks are given in “Leading American Men of Sci- 
ence,” edited by David Starr Jordan, 1910. More exten- 
sive biographies have been published separately, andJJie 
activities of a number of the more prominent American 



memoirs or rue iNanonai Acaaemy ox sciences. 

The developmental history of zoology in America falls 
naturally into four fairly well marked periods, namely: — 
1, Period of descriptive natural history, previous to 
1847, embracing the early studies on the classification 
and habits of animals, characteristic of the zoological 
work previous to the arrival of Louis Agassiz in Amer- 
ica. 2, Period of morphology and embryology, 1847- 
1870, during which the influence of Agassiz directed the 
zoological studies toward problems concerning the rela- 
tionships of animals as indicated by their structure and 
developmental history. 3, Period of evolution, 1870- 
1890, when the principle of natural selection received 
general recognition and the zoological studies were 
largely devoted to the applications of the theory to 
all groups of animals. 4, Period of experimental biol- 
ogy, since 1890, dui'ing which time have occurred the 
remarkable advances in our knowledge of the nature of 
organisms through the application of experimental 
methods in the various branches of the modern science of 
biology. 

American Zoology in 1S18, 

At the beginning of the century which this volume 
commemorates, the accumulated biological knowledge of 
the world consisted mainly of what is to-day called 
descriptive natural history. The zoological treatises of 
the time were devoted to the names, distinguishing char- 
acters and habits of the species of animals and plants 
known to the naturalists of Europe either as native 
species or as the results of explorations in other parts 
of the world. This required little more than a super- 
ficial knowledge of their general anatomical structures. 

The naturalists of those days had no conception of the 
life within the cell which we now know to form the basis 
of all the activities of animals and plants, nor had they 
even the necessary means of studying such life. The 
compound microscope, so necessary for the study of even 
the largest of the cells of the body, was not adapted to 
such use until 1835, although the instrument was invented 
in the seventeenth century. With the perfection of the 
microscope came a period of enthusiastic study of micro- 



animals and plants. It was not until twenty years after 
the founding of the Journal that the cell theory of struc- 
ture and function in all organisms was established by the 
discoveries of Schleiden and Schwann. 

The beginning of the nineteenth century saw great 
zoological activity in Europe, and particularly in Prance. 
Buffon’s great work on the Natural History of Animals 
had recently been completed, Cuvier had only one year 
before published his classic Avork in comparative anat- 
omy, “Le Regno Animal,” and Lamai’ck’s “Philosophie 
Zoologique” had then aroused a new interest in classi- 
fication and comparative anatomy from an evolutionary 
standpoint. E. Geoffroy St.-Hilaire was at the same 
time supporting an evolutionary theory based on embry- 
onic influences resulting in sudden modifications of adult 
structure. These epoch-making discoveries and theories 
gained a considerable following in Prance, Germany and 
England, but seem to have had little influence on the 
zoological work of the following half century in America, 

The science of zoology as understood to-day is com- 
monly said to have been founded by Linn.Tus by the 
publication of the modern system of classification in the 
tenth edition of his “Systema Naturre” in 1758. The 
influence of Linnaeus aroused an interest in biological 
studies throughout Europe and stimulated new investi- 
gations in all groups of organisms. Such studies as 
related to animals naturally followed first the classifica- 
tion and relationship of sjeecies, that is, systematic 
zoology, and then led gradually into the development of 
the different branches of the subject, as morphology, 
comparathm anatomy, physiology, and embryology, 
which eventually Avere recognized as almost independent 
sciences. 

Of these sciences systematic zoology, Avhich has come 
to mean the classification, structure, relationship, distri- 
bution and habits, or natural history, is the pioneer in any 
region. Thus Ave find in our noAV country at the time of 
the founding of the Journal in 1818, only sixty years 
after the publication of Linnajus’ great Avork, the begin- 
ning of American zoology taking the form of the collec- 
tion and description of our native animals. 


IS irue uiai many oi our more cons^jicuous ana easny 
collected animals wore described long before the opening 
of the nineteenth centur}'-, but this is to be credited mainly 
to the work of European naturalists who had made expedi- 
tions to this country for the purpose of studying and 
collecting. These collections were then taken to Europe 
and the results published there. We thus find in the 12th 
edition of Linnams descriptions of over 500 American 
species, about half of which were birds. As an illustra- 
tion of the extent to which some of these works covered 
the field even in those early days may be mentioned a 
monograph in two quarto volumes with many beautifully 
colored plates on the “Natimal History of the rarer Lepi- 
dopterous Insects of Georgia.” This was published in 
London in 1797 by J. E. Smith from the notes and draw- 
ings of John Abbot, one of the keenest naturalists of 
any period. 

During the early years of the nineteenth century, how- 
ever, economic conditions in our country became such as to 
give opportunity for scientific thought. Educated men 
then formed themselves into societies for the discussion of 
scientific matters. This naturally led to the establish- 
ment of publications whereby the papers presented to the 
societies could be iDublished and made available to the 
advancement of science generally. The most influential 
of these was the Journal of the Philadelphia Academy of 
Natural Science, which Avas established in 1817, and was 
devoted largely to zoological papers. The Annals of the 
NeAV York Lyceum of Natural History date from 1823, 
and the Journal of the Boston Society of Natural History 
from 1834. The Transactions of the American Philo- 
sophical Society in Philadelphia and the Memoirs of the 
American Academy of Arts and Sciences in Boston also 
published many zoological articles. 

In these publications and in the Journal, which was 
founded in 1818, appear the descriptions of ncAvly dis- 
covered animal species, with observations on their habits. 

The number of investigators in this field in the first 
quarter of the nineteenth century was but feAv, and most 
of these were compelled to take for the work such time 
as they could spare from their various occupations. 

Gradually the workers became more numerous until 



the larger colleges. The science thereby develoioed into 
a profession. 

For some years the studies remained largely of a sys- 
tematic nature, and embraced all groups of animals, hut 
long before the close of the century the attention of the 
majority of the ever increasing group of zoologists was 
directed into more promising channels for research and 
there came the development of the sciences of compara- 
tive anatomy, physiology, embryology, experimental 
zoology, cytology, genetics, and the like, while the sys- 
tematists became specialists in the various animal groups. 

But the work in systematic zoology remains incomplete 
and many native species are still undescribed or imper- 
fectly classified. It is perhaps fortunate that a few 
faithful systematists remain at their tasks and tend to 
keep the experimentalists from the disaster which might 
otherwise result from the confusion of the species under 
investigation. 

Period of Descriptive Natural History. —Previous to 1S47. 

Of the few American naturalists whose writings were 
published toward the end of the eighteenth century and 
at the beginning of the nineteenth the names of William 
Bartram (1739-1823), Benjamin Barton (1766-1815), 
Samuel Mitehill (1764-1831), William Peck (1763-1822), 
and Thomas Jefferson (1743-1826), require special men- 
tion. Bartram ’s entertaining volume describing his 
travels through the Carolinas, Georgia and Florida, x^ub- 
lished in 1793, contains a most interesting account of the 
birds and other animals which he found. 

Barton wrote many charming essays on the natural 
history of animals, but was more particularly interested 
in botany. Mitehill ’s most important works include a 
history of the fishes of New York (1814), and additions to 
an edition of Bewick’s General History of Quadrupeds. 
The latter, published in 1804, contains descriptions and 
figures of some American species and is the first Ameri- 
can work on mammals. 

Peck has the distinction of writing the first paper on 
systematic zoology published in America. This was^a 
description of new species of fishes and was printed in 


II Vi. lie IS also well laiown lor liis work on insects 
and fungi. 

Jefferson in 1781 published an interesting book 
describing the natural history of Virginia, and during 
his presidency was of inestimable service to zoology 
through his support of scientific expeditions to the west- 
ern portions of the country. 

Previous to Agassiz’s introduction of laboratory meth- 
ods of study in comparative anatomy and embryology in 
1847, American naturalists generally confined their atten- 
tion to the study of the classification and habits of the 
multitude of undescribcd animals and plants of the 
region. 

Such studies were naturally begun on the larger and 
more generally interesting animals such as the birds and 
mammals, and although many of these wore fairly well 
described as to species before the opening of the nineteenth 
century, little was known of their habits. The natural 
history of our eastern birds first became well known 
through the accurate illustrations and exquisitely written 
descriptions of Alexander Wilson (in 1808-1813). Bona- 
parte’s continuation of Wilson’s work was published in 
four folio volumes beginning in 1826. 

In 1828 appeared the first of Audubon’s magnificent 
folio illustrations of our birds. These were published in 
England, with later editions of smaller plates in America. 
Nuttall’s Manual of the Ornithology of the United States 
appeared in 1832-1834. 

The second work on American mammals appeared in 
the second American edition of Guthrie’s Geography, 
published in 1815. The author is supposed to have been 
George Ord, although his name does not appear. In 1825 
Harlan published his “Fauna Americana: Descriptions 
of the Mammiferous Animals inhabiting North Amer- 
ica.” This was largely a compilation from European 
writers, particularly from Demarest’s Mammalogie, and 
had little value. 

In 1826 Amos Eaton published a small “Zoological 
Text-book comprising Cuvier’s four grand divisions 
of Animals: also Shaw’s improved Linnean genera, 
arranged according to the classes and orders of Cuvier 
and Latreillc. Short descriptions of some of the most 



'ed foi; Rensselaer school and tlio ]:)()i)ulnL’ class-room.^ 
hiir hundred and sixty-onc genera are (l(>Hcril)od in 

3 text-book. They embrace cvci.’y known spccuiM ol: 

Animal Kingdom.” This a com] li la lion :lrom 

ropean sources with a few Anroricfm sjx'cicH ol: vavlons 
>ups included. On the other hand, Godnian’s Natural 
story, in three volumes , was an illustra.t('(l 

1 creditable woi’k. Such Avas Jilso ih(> case wilh Sir 
in Richardson’s Fauna Boronli .Anu'i'icam-i o1 which 
volume on quadrupeds was publishod in .lOngiaiid in 
19. The other volumes on birds, lishos and iiiscuil.s 
icared between 1827 and l.S3(). vVudnhon and Ihic.Ii- 
n’s beautifully illustrated “ (.;)ujuhaij)('d,s ol‘ North 
icrica” was issued between 1.841. nud hSHO. 

Uiout 1840 several of the states iimug'u rated uaiiiral 
tory surveys and published catalogues oi ilu'. local 
Liias. The reports on the animals of MassacliusellH 
i New York are the most co,niiilel<i zoologhad mono- 
iphs published in America ny) to that dnu'. ’Phis is 
.'ticularly true of DoKay’s Natural llisl.oi’y of Nhnv 
rk published between 184-2 and 1H41- in bonutifnily 
Lstrated quarto Amlumcs. 

Pile leader in the systematic stndic'.s in tlui (sirly part 
the century was Thomas Say, who jmhiishod diise.rip- 
us of a large number of new spoeu^H ol' aiiiinals, pai’- 
.ilarly reptiles, mollusks, crustacum aud iiise.elH. Say’s 
Lchology, printed in 181G in Nitdiolsou’s dyclo] nulla., 
the fii'st American work o:C il.s kind. ’I’liis was 
u’inted in 1819 under the title “Tanul and hhnsli waler 
bIIs of the United States.” In 182-I-182S a|i|)e.a.i'e(l 
1 three volumes of Say’s A.Tnoi-lc,a.n hhiiomology. 

Phe prominent position hold by Way iu Iho ynn'ilogic.al 
rk of this period is illustrated hy tlui following ])nra- 
ipli from Eaton’s Zoological Tc^xd.-hook ( IK'KI,]). IM.'i) : 

4 present but a small proportion of Amorienii .Ani- 
ls, excepting those of largo size, liavui Inu'ii soughl. out 
. And though Mr. Say is doing- much ; wlilioul ussist- 
;e, Ills life must be protracted to a v(!fy nds'niice.d 
•iod to afford him time to coTnjildn tlui wdrlc. Ihri if 
sry student will contribute his mit(!, hy sonding M r. 
Y duplicates of all undescrihed Bpocies, wo slinll proh- 
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in a few yeai’s.” How different is the attitude of the 
zoologist of to-day who sees the goal much further away 
after a century’s progress through the industry of hun- 
dreds of investigators. 

During the period of Say’s most active work he is 
reported to have “slept in the hall of the Philadelphia 
Academy of Natural Sciences, where ho made his bed 
beneath the skeleton of a horse and fed himself on bread 
and milk.” 

Next to Say, the most active zoologist of the early part 
of the century was Charles Alexander Lesueur, Avho 
described and beautifully illustrated many new species of 
fishes, reptiles, and marine invertebrates. A memoir by 
George Ord, published in this Journal (8, 189, 1849), 
gives a full list of Lesueur ’s papers. 

One of the most prolific writers of the period was Con- 
stantine Eafinesque, a man of great brilliancy but one 
whose imagination so often dominated his observations 
that many of his descriptions of plants and animals are 
wholly unreliable. 

United States Exploring Expedition . — ^In 1838 a fortu- 
nate circumstance occurred which eventually brought 
American systematic zoology into the front ranks of the 
science. This opportunity was offered by the United 
States Exploring Expedition under the command of 
Admiral "Wilkes. With James D. Dana as naturalist, the 
expedition visited Madeira, Cape "Verde Islands, eastern 
and western coasts of South America, Polynesia, Samoa, 
Australia, New Zealand, Fiji, Hawaiian Islands, west 
coast of "United States, Philippines, Singapore, Cape of 
Good Hope, etc. 

Of the extensive collections made on this foiir-years’ 
cruise, Dana had devoted particular attention to the 
study of the corals and allied animals (Zoophytes) and to 
the Crustacea. In 1846 the report on the Zoophytes was 
published in elegant folio form with colored plates. 
Six years later the first volume of the report on Crus- 
tacea appeared, with a second volume after two 
additional years (1854). These reports describe and 
beautifully illustrate hundreds of new species, _ and 
include the first comprehensive studies of the animals 


^v ii. uux.iia. .i.uuy remain as tne most 
spicuous inoumncnts in American invertebrate zool- 
IJiitortniiately the very limited edition makes them 
issiblo in only a foAV large libraries. The other, 
ally magnificent, volumes include: Miollusea and 
ills, hy A. A. Oonld, I HSG; Ilerpctology, hy Charles 
ard, IsnS; Maimnalogy and Ornithology, by Jolin 
lain, 1858. 

Principal invi\^U()at()rs.-—Ol the many writers on ani- 
s at this period of doscriptivc natural history, the dol- 
ing were prominent in tlicir special fields of study: 
Lyres, Tjcsueur, Mitchill, Storor, Lin.sley, Wyman, 
vay, Snnlh, Kirtland, Eafineaciuc and Haldeman 
cribed the fishes. 

Ireen, Tiarton, Harlan, Lo Conte, Say, and especially 
[brook, studied the reptiles and amphibia. Holbrook’s 
at irionograpli of' the rtg) tiles (Norih American Tler- 
ology) was iniblislied between 1834 and 1845. 

Vilaon, Andulion, Nut, tall. Cooper, HoKay, Brewer, 
I, Baird, (lould, Bachman, Linsley and Pox were 
:mg the numerous writcira on birds, 
lodinan, Ord, Ricliardaon, A.udubon, Bachman, De- 
y, Ijinslcy and [Harlan published accounts of mam- 

ia. 

>n the invertebrates an im]iorta,nt general work enti- 
I “Invortebrata of Massachusetts; Molluscti, Crus- 
2a, Annelida and Eadiata” Avas published by A. A. 
ilcl in 1841, which conlnins all the New England 
cics of these groipia known to that date, 
joa, Totten, Adams, Barnes, Gould, Binney, Conrad, 
dreth, Haldeman, were the principal writers on mol- 
lc.s. Tim Crustacea wore studied l)y Say, Gould, Halde- 
ri, Dana.; the insects by Say, Meislieimcr, Peck, 
rris, Kirby, IhoTick ; the Hjiiders by Hentz ; the worms 
Lee ; the, coelentorates and eehinoderms by Say, Man- 
and others. 

Iho histoiy of entomology in the TJnited States pre- 
ua to 184f) is given by John G. Morris in the Journal 
17, 184(5). Hi this article P. V. Molsheimcr is stated 
)0 the father of American Entomology, while Say was 
most prolific writer'. Say’s entomological paircrs, 
ted by J, Ij. Lc Conte, were completely reprinted with 
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treatise is tliat by Harris on Insects Injurious to Vege- 
tation*, printed in 1841. This has had many editions. 


Zoology in the Amer}c<(.n Journal of Science, 
1818 - 18 i 0 . 

The establishment of the Journal gave a further impe- 
tus to the scientific activities of Americans in furnishing 
a convenient means for publishing the results of their 
work. In the first volume of the Journal, for example, 
are two zoological articles by Say and a dozen short 
articles on various topics by Rafinesquo, the latter being 
curious combinations of facts and fancy. Most of the 
zoological papers appearing in its first series of 50 vol- 
umes are cbaracteristic of an undeveloped science in an 
undeveloped country. They deal, naturally, with obser- 
vational studies on the structure and classification of 
species (lisc(nmred in a virgin field, with notes on habits 
and life histories. 

Many of the papers arc purely systematic and include 
the first descriptions of numerous species of our niol- 
lusks, Crustacea, insects, vertebrates and other groups. 
Of these, the writings of 0. B. Adams, Barnes, A. A. 
Gould and Totten on mollusks, of J. D. Dana on corals 
and Crustacea, of Harris on insects, of Harlan on reptiles, 
and of Jeffries Wyinan and D. Humphreys Storer on 
■fishes are representative and important. 

The progress of zoology in America during the first 
twenty-eight years of the JournaPs existence, that is,_up 
to the year 1846, is thus summarized by Professor Silli- 
man in the preface to vol. 50 (page ix), 1847 : 

“Our zoology has been more fully investigated than our 
mineralogy and botany ; but neither department is in danger 
of being exhausted. The interesting travels of Lewis and Clark 
have recently brought to our linowlcdgc several plants and 
animals before unknown. Foreign naturalists are frequently 
visiting our territory ; and, for the most part, convey to Europe 
the fruits of their researches, while but a small part of our 
own is examined and described by Americans : cerl;ainly this 
is little to our credit and still less to our advantage. Honorable 
exceptions to the truth of this remark are furnished by tlie 


ous other parts of the Union.” 

)urhig these 28 j’^enrs the Journal had been of great 
/ice to_ zoology not only in the publication of the 
ilts of investigations but also in the review of hnport- 
zoological publications in Europe as well as in 
erica. There were also the reports of meetings of 
mtific societies. In fact all matters of zoological 
srest were brought to the attention of the Journal’s 
ders. 

The Influence of Ijonis Agassiz* 

Lt the time of the founding of the Journal and for 
rly thirty years thereafter descriptive natural his- 
f constituted practically the entire work of American 
legists. In this respect American science was far 
ind that in Europe and particularly in France. It 
! not until the fortunate circumstances which brought 
Swiss naturalist, Louis Agassiz, to our country in 
6 that the modern, conceptions of biological science 
■e established in America. 

Lgassiz was then 39 years of age and had already 
orbed the spirit of generalization in comparative 
tomy which dominated the work of the great leaders 
Europe, and particularly m Paris. The influence of 
ickart, Tiedemann, Braun, Cuvier and Von Humboldt 
jctcd Agassiz’s groat ability to similar investigations, 

. he was rapidly coming into prominence in the study 
nodern and fossil fishes when the opportunity to con- 
ic his research in America was presented. On arriv- 
on our shores the young zoologist was so inspired 
li the opportunities for his studies in the new country 
t he decided to remain. 

•ringing with him the broad conceptions of his dis- 
mished European masters, he naturally foimdcd a 
ilar school of zoology in America. It is from this 
inning that the present science of zoology Avith its 
ly branches has developed. 

t must be remembered in this connection that the great 
/ice which Agassiz rendered to American zoology con- 
ed mainly in making available to students in America 
ideals and methods of European zoologists. This ho 


-was eminently nuiea bu uu uuui u.l Jiiiu’opean 

training and because of bis natural ability as an inspir- 
ing leader. 

The times in America, moreover, were fully ripe for 
the advent of European culture. There were already in 
existence natural history societies in niauy of our cities 
and college communities. These societies not only held 
meetings for the discussion of biological topics, but 
established museums open to the public, and to which the 
public was invited to contribute both funds and speci- 
mens. This led to a wide popular interest in natural his- 
tory. It was therefore comparatively easy for such a 
man as Agassiz to develop tliis favorable public attitude 
into genuine enthusiasm. 

The American Journal of Science announces the 
expected visit of Agassiz as a most promising event for 
American Zoology (1, 451, 1840) : “His devotion, ability, 
and zeal — ^Ihs high and deserved reputation and . . . his 
amiable and conciliating character, will, without doubt, 
secure for him the cordial cooperation of our naturalists 
. . . nor do we entertain a doubt that we shall be liberally 
repaid by his able review and exploration of our 
country.” We of to-day can realize how al)nndantly this 
prophecy was fulfilled. 

In the succeeding volume (2, 440, 1840) occurs the 
record of Agassiz’s arrival. “We learn with pleasure 
that he will spend several years among us, in order 
thoroughly to understand our natural history. ’ ’ 

Immediately on reaching Boston, Agassiz began the 
publication of articles on our fauna, and the following 
year he was appointed to a professorship at Harvard. 
The Journal says (4, 449, 1847) : “Every scientific man in 
America will be rejoiced to hear so unexpected a piece of 
good news.” The next year the Journal (5, 139, 1848) 
records Agassiz’s lecture courses at Now York and 
Charleston, his popularity with all classes of the people 
and the gift of a silver case contaiuing $250 in half eagles 
from the students of the Collogo of Physicians and 
Surgeons. 

The service of Agassiz to American zoology, therefore, 
consisted not only in the publication of the I’csults of his 
researches and his philosophical considerations there- 



xxuxix, ju uvuu gTCHier ciegTce, iTL tJie 

populiU'izil.iion ol: scioueo. In tlic latter direction were 
Ilia iuapirino' leciuroa bc'.l'ore popular audiences and the 
early imblication ot: a zooloM'Ical text-book. This book, 
imblialuul in 1H4H, was entitled “Principles of Zoology, 
touching: tlui tStructure, Development, Distribution aiid 
Natural arrang'ement of tlie races of Animals, living and 
extinct, with iiniiKiroua illnsl, rations.” It was written 
with the co;)])(n-a.iiou of Augnatus A. (lould. The review 
of tliia book in the Journal (6, Xn i, 1848) indicates clearly 
the broad modc'rn prine.iiihia underlying the new era 
which waa b(!glnni ng for Anuirican zoology. 

“A work nnnniating from ho high a Hovircc as the Principles 
of t4<>((logy, liardly re((uire.s (iommemhiiioii 1:o give it eiuToncy. 
The public, liave liccomo ac(iuain1.(!il wiili the eminent abilities 
of Prof. Agassiz llirougli liis hic.tures, and are aware of his 
vast learning, wide reach ol: mind, and ])opiilar mod(! of illus- 
trating seieiilifie. Htd),j('.ets . . . Tho volume is prciparod foi' 

the sindeiil, in zoological seieueo; it is simph^ and elementary 
ill style, full in ils illusi ralions, eomprehe.iiHive in its range, yet 
well eonsidered and lu'ought into tho narrow eompass requisite 
for tho purpose in I ended.” 

Tho iiilnH of its (hapterfl will show how little it differs 
in gcnornl siihjocl. nuitiiM' from the most rocont text-hook 
in biology. (Unipier I, N'lio Sphero and fnndarnontal 
])rinc.ii)h‘M of Zoology; II, (loiun’al Properties of Organ- 
i'/i'd Bodies; 111, Orfpms and hhiuctions of Animal Life; 
IV, Of Inbdligonc.e and rnslinet; V, Of Motion (n,ppa- 
ratuH and niodi's) ; VI, Of Nutrition; VTT, Of tho Blood 
and Oire.nlntion ; V ll l, OP Besplratton; IX, Of tho Secre- 
tions; X, hhnliryology (Dgg and its Development); 
XT, Pi'eulinr Modi'S of Iteprodnetion; XII, Meta- 
rnorjihoses of Aninmls; XTTT, Oleograph leal Distribntion 
of Animals; XIV, OJeologicul Snecesaion of Animals, or 
their Disiriluilion in Ihmo. 

A moiiimit’s eonsiderat.ion of the fact that all these 
topics are, exc(!ll('n(:ly ti’eated will show how groat had 
heen tho jirogress of zoology in the first; half o;f tho nine- 
teenth eentury. fifin' sixty years that have elapsed since 
the pnhlie.ation of ilii.s hiiok have served principally to 
develop these separate lines of biology into special fields 
of scionco without reorganization of tho essential princi- 
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pies here recognized. This remained for many years 
the standard zoological and physiological text-book, and 
was republished in several editions here and in England. 
Another popular book is entitled “Methods of Study in 
Natural History” (1864). 

More than 400 books and papers were written by 
Agassiz, over a third of Avhich were published before 
he came to America. TIrcy cover both zoological and 
geological topics, including systematic papers on living 
and fossil groups of animals, but most important of all 
are his philosophical essays on the general principles of 
biology. 

One of Agassiz’s greatest services to zoology was the 
publication of his “Bibliograpliia ZoologitE et Geologiin” 
by the Ray Society, beginning Avith 1848. The publica- 
tion of the Lowell lectures in Comparative Embryology 
in 1849 gaAm Avide audience to the general principles now 
recognized in the biogenetic Iuav of ancestral remin- 
iscence. As stated in the Journal (8, 157, 1849), the 
“object of the Lectures is to demonstrate that a natural 
method of classifying the animal kingdom may be 
attained by a comparison of the changes Avhich are passed 
through by different animals in the course of their dcA'^el- 
opment from the egg to the perfect state; the change 
they undergo being considered as a scale to appreciate 
the relative position of the species.” These “principles 
of classification” are fully elucidated in a separate pam- 
phlet, and are discussed at length in the tlournal ( 11 , 
122, 1851). 

One of the most interesting of Agassiz’s numerous 
philosophical essays, originally contributed to the Jour- 
nal (9, 369, 1850), discusses the “Natural Relations 
between Animals and the elements in Avhich they live.” 
Another philosophical paper contributed to the Journal 
discusses the “Primitwe diversity and number of Ani- 
mals in Geological times” ( 17 , 309, 1854). Of his sys- 
tematic papers, those on the fishes of the Tennessee river, 
describing many new species, Avere published in the Jour- 
nal ( 17 , 297, 353, 1854). 

Agassiz’s beautifully illustrated “Contributions to the 
Natui’al History of the United States” cover many sub- 
jects in morphology and embryology, Avhich are treated 





2 m a place among the zoological classics. The Essay 
Classification, the North American Tostudinata, the 
nbryology of the turtle, and the Acalophs are the 
ecial topics. These arc summarized and discussed at 
igth in the Journal (25, 126, 202, 321, 342, 1858; 30, 
2, 1860; 31, 295,1861). 

The volume on the “Journey in Brazil” (1868) in joint 
.thorship with Mrs. Agassiz is a fascinating narrative 
exploration. 

The conceptions which Agassiz held as to the most 
sential aim of zoological study are well illustrated 
his autobiographical sketch, where he writes 

“I did not then know how much more important it is to the 
turalist to understand the structure of a few animals, than 
command the whole field of scientific nomenclature. Since I 
ve become a teacher, and have watched the progress of stu- 
nts, I have seen that they all begin in the same way; but 
w many have grown old in the pursuit, without ever rising 
any higher conception of the study of nature, spending their 
e in the determination of species, and in extending scientific 
rminology!” 

It is not surprising, then, that under such influence the 
der systematic studies should be replaced in large 
ensure by those of a morphological and embryological 
iture. 

The personal influence of Agassiz is still felt in the 
tes of even the younger zoologists of the present day. 
or the investigators of the present generation are for 
e most part indebted to one or another of Agassiz’s 
ipils for their guidance in zoological studies. These 
ipils include his son Alexander Agassiz, Allen, Brooks, 
larke, Pewkes, Groode, Hyatt, Jordan, Lyman, Morse, 
ackard, Scudder, Verrill, Wilder, and others— leaders 
zoological work during the last third of the nineteenth 
mtury. Through such men as these the inspiration of 
gassiz has been handed on in turn to their pupils and 
■om them to the younger generation of zoologists. 

The essential difference between the work of Agassiz 
id that of the American zoologists who preceded Mm 
as in his power of broad generalizations. To him the 


organism meant a living witness ot some great natural 
law, in the interpretation of which zoolog}^ was engaged. 
The organism in its structure, in its development, in its 
habits furnished links in the chain of evidence which, 
when completed, would reveal the meaning of nature. Of 
all Agassiz’s pupils, probably "William K. Brooks most 
fittingly perpetuated his master’s ideals. 

Period of Morphology and Embryology, 1847-1S70. 

The new aspect of zoology which came as a result of 
the influence of Agassiz characterized the zoological work 
of the fifties and sixties, that is, until the significance 
of the natural selection theory of Darwin and "Wallace 
became generally appreciated. 

The work in these years and well into the seventies was 
largely influenced by the morphological, embryological 
and systematic studies of Louis Agassiz and his school. 
The structure, development, and homologies of animals 
as indicating their relationship and position in the 
scheme of classification was prominent in the work of 
this period. The adaptations of animals to their envi- 
ronment and the application of the biogenetic law to the 
various groups of animals were also favorite subjects 
of study. 

The most successful investigators in this period on the 
different groups of animals include: — ^Louis Agassiz on 
the natural history and embryology of coelenterates and 
turtles; A. Agassiz, embryology of echinoderms and 
worms; H. J. Clark, embryology of turtles and syste- 
matic papers on sponges and coelenterates ; E. Desor, 
echinoderms and embryology of worms ; C. Girard, 
embryology, worms, and reptiles ; J. Leidy, protozoa, 
coelenterates, worms, anatomy of mollusks ; "W. 0. Ayi’es 
and T. Lyman, natural history of echinoderms ; McCrady, 
development of acalephs ; "W. Stimpson, marine inverte- 
brates ; A. B. Verrill, coelenterates, echinoderms, worms; 
A. Hyatt, evolutionary theories, bryozoa and mollusks; 
Pourtales, deep sea fauna ; 0. B. Adams, A. and "W. G. 
Binney, Brooks, Carpenter, Conrad, Dali, Jay, Lea, 
S. Smith, Tryon, mollusks; E. S. Morse, "brachiopods, 
mollusks; J. D. Dana, coelenterates and Crustacea ; Kirt- 



Scudder, Walsh, insects; Gill, Holbrook, Storer, 
; Cope, evolutionary theories, fishes and amphibia ; 
, reptiles and bii’ds; J. A. Allen, amphibia, reptiles 
)irds; Brewer, Cassin, Cones, Lawrence, birds; 
i)on, Bachman, Baird, Cope, Wilder, mammals. 

I progress of ornithology in the United States pre- 
to 1876 is well described in a paper by J. A. Allen in 
merican Naturalist (10, 536, 1876). A sketch of the 
history of conchology is given by A. W. Tryon in 
mrnal (33, 13, 1862). 

Tics Wyman was the most prominent comparative 
nist of this period. His work includes classic 
s ^ on the anatomy and embryology of fishes, 
ibia, and reptiles. 

Zoology in the American Journal of Sciencef 
1S40-1S70. 

fifty volumes of the second series of the Journal, 
ing the years 1846 to 1870, cover approximately 
eriod of morphology and embryology. During this 
I the Journal occupied a very important place in 
peal circles, for J. D. Dana was for most of this 
I the editor-in-chief, while Louis Agassiz and Asa 
were connected with it as associate editors. More- 
in 1864 one of the most promising of Agassiz’s 
i, Addison E. Vcrrill, Avas called to Yale as pro- 
■ of zoology and was made an associate editor 
9. 

he Journal, therefore, may be found, in its original 
53, together with its reports of meetings and 
sses and its reviews of literature, a fairly complete 
it of the zoological activity of the period. The 
important zoological researches, both in Europe 
.merica, were revicAved in the bibliographic notices. 

I most important series of zoological articles are by 
himself. As his work on the zoophytes and crus- 
of the XT. S. Exploring Expedition continued, he 
hed from time to time general summaries of his 
[sions regarding the relationships of the various 
s. Included among these papers are philosophical 
i on general biological principles Avhich must have 


had much mllucnco on the biologaeal studies of the time, 
and which form a basis for many of our present concepts! 

The importance of these papers warrants the list being 
given in full. The titles are hero in many cases abbre- 
viated and the subjects consolidated. 

General views on Classification, 1, 286, 1846. 

Zoophytes, 2, 64, 187, 1846; 3, 1, 160, 337, 1847. 

Genus AsLraca, 9, 295, 1850. 

Conspectus crustacoorum, 8, 276, 424, 1849; 9, 129 1850- 11 
2C8, 1851. ’ ’ 

Genera of Garainaracea, 8, 135, 1849 ; of Cyelopacea, 1, 225, 
1846. 

Mai'kings of Carapax of Grabs, 11, 95, 1851. 

Classification of Crustacea, 11, 223, 425; 12, 121, 238, 1851- 
13, 119; 14, 297, 1852; 22, 14, 1856. 

Geographical distribution of Crustacea, 18, 314, 1854; 19, 6; 
20, 168. 349, 1855. 

Alternation of Generations in Plants and Eadiata, 10, 341, 
1850. 

Parthenogenesis, 24, 399, 1857. 

On Species, 24, 305, 1857. 

Classification of Manmuiis, 36, 65, 1863 ; 37, 157, 1864. 

CcphaliKal ion, 22, 14, 1856 ; 36, 1, 321, 440, 1863 ; 37, 10, 157, 
184, 1864; 41, 163, 1866; 12, 245, 1876. 

limnologies of insectean and crustacean types, 36, 233, 1863; 
47, 325, 1894. 

Origin of life, 41, 389, 1866. 

Eolations of clcalh to life in nature, 34, 316, 1862, 

Of the above, the articles on cephalization as a funda- 
mental principle in the development^ of the system of 
animal life liavc tittractod much attention. The evidence 
from compiirativG anatomy, paleontology, and embry- 
ology alike supports the view that advance in the 
ontogenetic as well a.s in the phylogenetic stages is cor- 
related with the unequal growth of the cephalic region as 
compared with the rest of the body. Dana shows that 
this princiyjle holds good for all groups of animals. His 
homologies of the lirnha oi' arthropods and vertebrates, 
however, do not aecord with more modern views. 

Other papers on the sumo and allied topics were pub- 
lished hy Dana in other periodicals. His most conspicu- 
ous zoological worlcs, however, are his reports on the 
l?;oophytes and Crustacea of the United States Explor- 


inipuuiLiua, j.oo( -. 10 ^: 4 . xue lormer consists oi /■ix 
, 1 'to pages and 61 folio plates, describing' over 200 new 
cies, while the Crustacea report, in two volumes, lias 
0 pages and 96 folio plates, with descriptions of about 
new species. Each of these remains to-day as the 
3t important contribution to the classification of the 
pective groups. The relationships of the species, 
era and families were recognized with such remark- 
e judgment that Dana’s admirable system of classifi- 
Lon has remained the basis for all subsequent work. 
)ana’s critical reviews (25, 202, 321, 1858) of Agassiz’s 
ontribution to the Natural History of the United 
tes” are among the most interesting of his philosoph- 
, discussions concerning the relationships of animals 
revealed by their structure, their embryology, and 
Ir geological history. 

'he remaining zoological articles in this series cover 
rly the whole range of systematic zoology. Bspe- 
ly important are the articles by Verrill on coelenter- 
3 , eeliinoderms, worms and other invertebrates, 
n the years following the publication of Daiuvin’s 
gin of Species in 1859 occur many articles on the 
ory of natural selection. Some of the writers attack 
theory, while others give it more or less enthusiastic 
port, 

ixperimental methods in solving biological problems 
•e little used at this time, although a few articles of 
! nature appear in the Journal. Of these, a paper by 
C. Minor (35, 35, 1863) on natural and artificial 
ion in some annelids has considerable interest to-day. 


JExploving Kx/pediti ons^ 

)f the important zoological expeditions the following 
Y be selected as showing their influence on American 
'logy: 

’he North Pacific Expedition, with William Stimpson 
soologist, returned in 1856 with much new information 
cerning the marine life of the coasts of Alaska and 
>an and many new species of invertebrates, 
n 1867-1869 the United States Coast Survey extended 
explorations to include the deep-sea marine life off 
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raining' in laboratory methods and discipline, with the 
deled advantage that the subject of biology is much more 
itimately connected with the student’s everyday life and 
ffairs. 

This increasing demand for instruction in biology and 
lie consequent necessity for more teachers brought an 
icreasing number of investigators into this field. 

Conspicuous in this period was the work of E. D. Cope, 
est known as a paleontologist, but whose work on the 
lassification of the various groups of vertebrates stands 
reeminent, and whose philosophical essays on evolution 
ad much infiuence on the evolutionary thought of the 
ime. _ Ho was a staunch supporter of the Lamarckian 
octrine. Alpheus Hyatt also maintained this theory, 
nd brought together a great accumulation of facts in its 
upport. He thereby contributed largely to our knowl- 
dge of comparative anatomy and embryology. A. S. 
’ackard, whose publications cover a wide range of 
epics, was best known for his text-books of zoology and 
is manuals on insects. 

W. K. Brooks was a loading morphologist and embry- 
logist. S. F. Baird, for many years the head of the 
Inited States Fish Commission, was the foremost 
uthority on fish and fisheries and is also noted for his 
rork on reptiles, birds and mammals. The man- of 
reatest influence, although by no means the greatest 
avestigator, was C. 0. Whitman. It is to him that we 
Ave the inception of the Marine Biological Laboratory, 
lie most potent influence in American zoology to-day; 
lie organization of the American Morphological Society, 
lie forerunner of the present American Society of Zoolo- 
ists; and the establishment of the Journal of Morph- 
logy. C. B. Goode was distinguished for his work on 
shes and for his writings on the history of science. 

E. L. Mark, C. S. Minot, and Alexander Agassiz were 
cknowledged loaders in their special fields of research — 
lark in inimriebrate morphology and embryology, and 
linot in vertebrate embryology, while Alexander Agassiz 
lade many important discoveries in the systematic 
oology and embryology of marine animals, and to him 


oceans of nearly all parts of the world. 

The knowledge of the representatives of the different 
divisions of the American fauna had now become suffi- 
cient to alloAV the publication of monographs on the vari- 
ous classes, orders and families. At this time also par- 
ticular attention was given to the marine invertebrates 
of all groups. 

Of the many investig’ators working on the various 
groirps of animals at this time only a few may be men- 
tioned. The protozoa were studied by Leidy, Clark, 
Ryder, Stokes ; the sponges by Clark, Hyatt; the coelen- 
terates by A. Agassiz, S. F. Clarke, Verrill; the echino- 
derms by A. Agassiz, Brooks, Kingsley, Fewkes, Lyman, 
Verrill; the various groups of Avorins by Benedict, 
Eisen, Silliinan, VerriD, Webster, Whitman; the inol- 
lusks by A. and W. G. Binney, Tryon, Conrad, Ball, San- 
derson Smith, Stearns, Verrill; the Brachiopods by Dali 
and Morse; the Bryozoa by Hyatt; the Crustacea by 
S. I. Smith, Harger, Hagen, Packard, Kingsley, Faxon, 
Herrick; the insects by Packard, Horn, Scudder, C. li. 
Fernald, Willistou, Norton, Walsh, Pitch, J. B. Smith, 
Comstock, Howard, Riley and many others; spiders by 
Einorton, Marx, McCook; timicates by Packard and Ver- 
rill; fishes by Baird, Bean, Cope, Gilbert, Gill, Goode, 
Jordan, Putnam; amphibians and reptiles by Cope; 
birds by Baird, Brewer, Cones, Elliott, Henshaw, Allen, 
Merriam, Brewster, Ridgway; and the mammals by 
Allen, Baird, Cope, Cones, Elliott, Merriam, Wilder. 

Interest in the evolutionary theory continued to 
increase and eventually developed into the morpholog- 
ical and embryological studies which reached their cul- 
mination between .1885 and 1890 under the guidance 
of Whitman, Mark, Minot, Brooks, Kingsley, E. B. Wilson 
and other famous zoologists of the time. In these years 
the Journal of Morphology was established and the 
American Morphological Society was formed. 

The morphological, embryological and paleontological 
evidences of evolution as indicated by homologies, devel- 
opmental stages and adaptations were the most absorb- 
ing subjects of zoological research and discussion. 





’UL vfifi jL'mm’ivu'n ov'aTJtai> oj fjctencef 
1870-1018. 

The_ third series of the Journal (1870-1895), likewise 
nchxding fifty volumes, embraces this period of zoologi- 
al activity in morphological and embryological studies, 
ulminating with the incei^tion of the modern experimen- 
al methods. 

In this period also occurred the greatest progress in 
narine systematic zoology, due to the explorations of the 
Jiiited States Fish Commission off the Atlantic Coast. 
Che Journal had an important share in the zoological 
levelopment of this period also, for A. E. Verrill, who 
,vas now an associate editor, was in charge of the collec- 
ions of marine invertebrates. Consequently most of the 
liscoveries in this field were published in the Journal in 
mmerous original contributions by Verrill and his asso- 
dates. The explorations of the TJ. S. Pish Commission 
Steamer “Albatross” are described from year to year by 
7'errill, with descriptions of the new species of inverte- 
)rates discovered. 

The numerous original contributions by Verrill on 
lubjeets of general zoological interest as well as on those 
)f a systematic nature give this third scries of the Jour- 
lal much zoological importance. Verrill’s papers cover 
ilmost the whole field of descriptive zoology, but are 
nainly devoted to marine invertebrates. Those which 
pere originally contributed to the Journal or summarized 
)y him in his literature reviews include the following 
opics : 

Sponges, 16, 406, 1878. 

Coelenterates, 37, 450, 1864; 44, 125, 1867; 45, 411, 186, 46, 
.43, 1868; 47, 282, 1869; 48, 116, 419, 1869; 49, 370, 1870; 3, 
.87, 432, 1872; 6, 68, 1873; 21, 508, 1881; 6, 493, 1898; 7, 41, 
.43, 205, 375, 1899 ; 13, 75, 1902. 

Echinoderms, 44, 125, 1867; 45, 417, 1868; 49, 93, 101, 1870; 
!, 430, 1871; 11, 416, 1876; 49, 127, 199, 1895; 28, 59, 1909; 
16, 477, 1913; 37, 483, 1914; 38, 107, 1914; S9, 684, 1915. 

Worms, 60, 223, 1870 ; 3, 126, 1872. 

Mollusks, 49, 217, 1870 ; 50, 405, 1870 ; 3, 209, 281, 1872 ; 6, 
^65, 1873; 7, 136, 158, 1874; 9, 123, 177, 1875; 10, 213, 1875; 
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Crustacea, 44, 126, 1867; 48, 244, 430, 1869; 25, 119, 534, 
1908. 

Ascidians, 1, 54, 93, 211, 288, 443, 1871; 20, 251, 1880. 

Dredging operations and marine fauna, 49, 129, 1870; 2, 357, 
1871 ; 5, 1, 98, 1873 ; 6, 435, 1873 ; 7, 38, 131, 405, 409, 498, 
608, 1874; 9, 411, 1875; 10, 36, 196, 1875; 16, 207, 371, 1878; 
17, 239, 258, 309, 472, 1879 ; 18, 52, 468, 1879 ; 19, 137, 187, 20, 
390, 1880; 22, 292, 1881; 23, 135, 216, 309, 406, 1882; 24, 360, 
477, 1882; 28, 213, 378, 1884; 29, 149, 1885. 

Miscellaneous, 39, 221, 1865; 41, 249, 268, 1866; 44, 126, 
1867; 48, 92, 1869; 3, 386, 1872; 7, 134, 1847; 10, 364, 1875; 
16, 323, 1878; 20, 251, 1880; 3, 132, 135, 1897; 9, 313, 1900; 
12, 88, 1901; 13, 327, 1902; 14, 72, 1902; 15, 332, 1903; 24, 
179, 1907 ; 29, 561, 1910. 

S. I. Smith describes the metamorphosis of the Crus- 
tacea ( 3 , 401, 1872; 6 , 67, 1873), species of Crustacea ( 3 , 
373, 1872; 7 , 601, 1874; 9 , 476, 1875), and dredging opera- 
tions in Lake Superior ( 2 , 373, 448, 1871). In this series 
occurs also a series of papers on comparative anatomy 
and embryology from the Chesapeake Zoological Labora- 
tory in charge of W. K. Brooks. In the 39th and 40th 
volumes of the third series (1890) occur several papers 
on evolutionary topics by John T. Gulick ( 39 , 21; 40 , 1, 
437) which have attracted much attention. 

Before the end of this period, hoAvever, the Journal 
was relieved from the necessity of publishing zoologi- 
cal articles by the establishment of several periodicals 
devoted especially to the various fields of zoology. We 
find, therefore, but few exclusively zoological papers 
after 1885, although articles of a general biological inter- 
est and the reviews of zoological books continue. 

‘ In the fourth series of the Journal, beginning in 1896, 
occur also a number of articles on systematic zoology by 
Verrill and others and several papers having a general 
biological interest. Brief reviews of a small number of 
zoological books are still continued, but at the present day 
the Journal, which played so important a part in the 
early development of American zoology, has been given 
over to the geological and physical sciences in harmony 
■with the modern demand for specialization. 
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I^eriod of Experimental Biology, since 1S90, 

Zoological studies I'emained in large measure observa- 
ional and comparative until about 1890 when tbe esperi- 
nental methods of Roux, Driesch and others came into 
Drominencc. Interest then turned from the accumulation 
jf facts to an analysis of the underlying principles of 
siological phenomena. The question now was not so 
nuch what the organism does as how it does what is 
)bserved,^ and this question could be answered only by 
;he experimental control of the conditions. These exper- 
mental studies met with such remarkable success that in 
r few years the older morphological studies were largely 
ibandoned, the Morphological Society changed its name 
to the Society of Zoologists, and in 1904 the Journal of 
Experimental Zoology was established. The experimen- 
tal methods were applied to all branches of biological 
science, and while it must be freely admitted that little 
progress has been made toward an understanding of the 
iltimate causes which underlie biological phenomena, a 
?reat advance has been made in the elucidation of the 
general principles involved. 

Experimental embryology, histology, regeneration, 
jomparative physiology, neurology, cytology, and hered- 
ity have in recent years successfully adopted an experi- 
nental aspect and have made significant progress 
thereby. Biology has now taken its place beside chem- 
istry and physics as an experimental science. 

The latest great advance in biology has been in the field 
jf heredity. The rediscovery of the Mendelian principles 
of heredity in 1900 brought to light the most important 
generalization in biology in recent times. The new 
science of genetics is essentially the experimental study 
of heredity. 

We are at the moment in the midst of an effort^ to 
astablish in biology a few relatively simple laws by using 
For the purpose the vast accumulations of observational 
3ata gathered in past years, supplemented by such exper- 
imental data as have been provided by these more recent 
investigations. Such hjqootheses as have been formu- 
lated are for the most part only tentatively held, for their 


ematics, physics and chemisti'y are found applicable to 
biological phenomena. 

The number of investigators has now become so great 
and their activities so prolific that the list and synopses 
of the zoological publications each year cover upwards 
of 1000 to 1500 pages in the International Catalogue of 
Scientific Literature. 

American Leadership . — During the first half of the 
century the progress of zoology in America remained dis- 
tinctly behind that of Europe. At the beginning of the 
century the science was farthest developed by the French 
and English, although Linnasus was a Swede and took his 
degree in Holland. Under the influence of Von Baer and 
his monumental treatise on embryology (Ueber Entwick- 
lungsgeschichte der Thiere, 1828), and supported later 
by the great physiologist, Johannes Muller, whose “Phy- 
siologic des Menschen” (1846) forms the basis of modern 
physiology, the German school forged rapidly ahead and 
eventually assumed the leadership in zoology, as in sev- 
eral other branches of science. 

In the latter half of the century the influence of the 
German universities dominated in a large measure the 
zoological investigations in America. The reason for 
this is partly due to the fact that many of our young 
zoologists, after finishing their college course, com- 
pleted their preparation for research by a year or more 
at a German university. The more mature zoologists, 
too, looked forward with keen anticipation to spending 
their summer vacations and sabbatical years in research 
in a German laboratory or at the famous Naples station 
in which the German influence was dominant. 

"With the rise of experimental biology since 1890, hoAV- 
ever, the American zoologists have shown so high a degree 
of originality in devising experiments, so much skill in 
performing them, and such keenness in analyzing the 
results, that they have assumed the world leadership in 
several of the special fi.elds into which the science of 
zoology is now divided. 



jsioiogical Jf'evxodicals, 

Perhaps in no better way can the progress of biology in 
America be illustrated than by a brief survey of the 
origin and development of the more important biological 
journals. For it will be seen that these publications have 
become more numerous and more specialized as the sci- 
ence has advanced in specialization. 

The early publications — which as is well known, treated 
mainly of the birds, mammals and other vertebrates, and 
of insects, Crustacea and shells — consisted mainly of sep- 
arate books or pamphlets, published by lerivate subscrip- 
tion. After the establishment of the so-called Academies 
of Science, or of Arts and Sciences, toward the end of 
the eighteenth and in the first quarter of the nineteenth 
century, the reports of the meetings began to be pub- 
lished as periodical Journals, supported by the acade- 
mies. In these publications, and in the Journal which 
was founded at the same time, appear papers on all 
branches of science, including zoology. As soon as 
zoology in America assumed its modern aspects through 
the influence of Louis Agassiz and his followers the 
earliest strictly zoological journals were established. 

It should be noted, hoAvever, that the journals of the 
scientific and natural history societies were more or less 
fully devoted to zoological topics according to the nature 
of the activities of the members and correspondents. 
After the establishment of the Museum of Comparative 
Zoology by Louis Agassiz came the founding in 1863 of its 
Bulletin and later its Memoirs. These publications have 
continued to the present day as a standard of excellence 
for the reports of zoological investigations. In con- 
nection with the systematic work on mollusks, the Amer- 
ican Journal of Conchology was established in 1865. 
The American Naturalist was founded in 1867 by four of 
Louis Agassiz’s pupils, Flyatt, Morse, Packard and Put- 
nam. It was later edited by Cope as a leading periodical 
for the publication of biological papers, particularly 
those relating to evolution, and is at present devoted to 
evolutionary topics. It is now in the 52d volume of its 
new series. 



and embryology came the need for an American joui’nal 
which should supply a means of publication for the 
reports of researches accomplished by the increasing 
number of workers in these fields. This need was fully 
met by the establishment of the Journal of Morphology, 
in 1887. This publication, now in its 30th volume, has 
equalled the best European journals in the character of 
its papers. A few years later (1891) came the Journal 
of Comparative Neurology for the publication of investi- 
gations relating to the morphology and physiology of the 
nervous system and to nervous and allied phenomena in 
all groups of organisms. Twenty-eight volumes of this 
journal have been completed. The Zoological Bulletin 
was started under the auspices of the Marine Biological 
Laboratory in 1897 for the publication of papers of a less 
extensive nature and which could be more promptly 
issued than those in the Journal of Morphology where 
elaborate plates were required. After two years the 
scope of the Bulletin was enlarged to include botanical 
and physiological subjects. The name was correspond- 
ingly changed to the Biological Bulletin. Of this import- 
ant periodical 33 volumes have been issued. 

For the publication of papers on human and compara- 
tive anatomy and embryology, the American Journal of 
Anatomy was established in 1901, and is now in its 
twenty-third volume. 

Meanwhile the trend of zoological interest was toward 
topics connected with the ultimate nature of biological 
phenomena. The meaning of these phenomena could be 
determined only by the experimental method. Researches 
in this field became more prominent and the adequate 
publication of the numerous papers required the estab- 
lishment of a new journal in 1904. This was named the 
Journal of Experimental Zoology. It immediately took 
its place in the front rank of American zoological period- 
icals. Twenty-four volumes have been published. 

In spite of the constantly increasing number of 
journals, the science grew faster than the means of pub- 
lication. So crowded did the American journals become 
that long delays often resulted before the results of an 
investigation could be issued. This condition was met in 


; by the sending ot many papers to be published in 
opean journals (a necessity most discreditable to 
;rican zoology) and in part by the establishment 
.dditional means of publication. Of the latter the 
tomical Eecord, now in its fourteenth volume, was 
m in 1906 for the prompt publication of briefer 
3 rs on vertebrate anatomy, embryology and histology 
for preliminary reports and notes on technique, 
uring the past few years has come a great advance in 
experimental breeding of plants and animals. Prob- 
5 in heredity and evolution have taken on a new 
rest since the importance and validity of Mendel’s 
every have been recognized. To meet this develop- 
t of biology the journal Genetics was begun in 1916 
the publication of technical papers, while the Journal 
[eredity, modilied from the American Breeders Maga- 
, is devoted to popular articles on animal and plant 
iding, and Eugenics. 

n the whole, the science of zoology is now assuming 
oser relation to practical affairs. Entomology, for 
nple, is now represented by the Journal of Economic 
omology, of which 10 volumes have been issued since 
The Journal of Animal Behavior covers another 
itical field of research. The Proceedings of the Soci- 
for Experimental Biology and Medicine, starting in 
!, the American Journal of Physiology, and several 
ir publications cover the physiological field. The 
rnal of Parasitology, established 1914, now in its 
•th volume, is devoted to the interests of medical 
ogy. The Auk, now in the 34th volume of its new 
QS (42d of old scries) , is the official organ of the Amer- 
. Ornithologists Union and is devoted to the dissemi- 
on of knowledge concerning bird life. The Annals 
he Entomological Society of America, established in 
?, and now in its 10th volume, is one of several import- 
entomological journals. The Nautilus, of which 28 
Lines have been issued, is one of the more successful 
•nals devoted to conchology. This list might be 
nded to include numerous other periodicals of import- 
;, both technical and popular, which have been of great 
Ice in the various fields of biology, 
i addition to these are the many volumes of syste- 


National Museum, tlie practical reports in the Bulletin of 
the United States Fish Commission, the vast literature 
issued yearly by the various divisions of the United 
States Department of Ag’rieulture, Public Health Service 
and other Governmental departments, while the list of 
publications by scientific societies, museums, and other 
institutes is constantly increasing and covers all fields of 
biological research. 

At the present time facilities for the publication of 
research on any branch of zoology are as a rule entirely 
adequate. For this highly satisfactory condition the 
science is indebted to the support given five of its most 
important journals by the "Wistar Institute of Anatomy 
and Biology. 


Biological Associations, 

An important light on the history of biology in Amer- 
ica can be thrown by a glance at the rise and development 
of societies or associations for the report and discussion of 
papers relating to that branch of science. In the first half 
of the nineteenth century natural history societies Avere 
formed in most cities and centers of learning. These 
were very important factors in the promotion of scientific 
research as well as in the diffusion of popular knowledge 
of living things. The aims and activities of twenty-nine 
such scientific societies, many of which were devoted 
especially to natural history, are described in one of the 
early volumes of the Journal ( 10 , 369, 1826). The Con- 
necticut Academy of Arts and Sciences, dating from 1799, 
the Philadelphia Academy of Natural Sciences from 1812, 
and the NeAV York Lyceum of Natural History (in 1876 
name changed to New York Academy of Sciences) from 
1817 arc among the oldest of those which still exist. 

Of national institutions the American Philosophical 
Society was founded in 1743, the American Academy of 
Arts and Sciences in 1780, and the National Academy of 
Sciences in 1863. 

The American Association for the Advancement of 
Science, with its thousands of members, now has separate 
sections for each of the special branches of science. This 


great association was organized in 1848, as the successor 
of the Association of American Geologists and Natural- 
ists. This was itself a revival of the American Geolog- 
ical Society which firstunet at Yale in 1819. Its meetings 
have given a great support to the scientific work of the 
country. 

The American Society of Naturalists was founded in 
1883. The original plan of the society was for the dis- 
cussion of methods of investigation, administration and 
instruction in the natural sciences, but its program is 
now entirely devoted to discussions and papers of a broad 
biological interest. It also arranges for an annual din- 
ner of the several biological societies and an address 
on some general biological topic. 

In 1890, toward the end of the period in which morpho- 
logical studies were being emphasized, the professional 
zoologists of the eastern states founded the American 
Morphological Society. This association held annual 
meetings during the Christmas holidays for the presenta- 
tion of zoological papers. This name became less appro- 
priate after a few years because of the gradual decrease 
in the proportion of morphological investigations owing 
to the greater attention being directed to problems in 
experimental zoology and physiology. Consequently the 
name was changed to the American Society of Zoologists. 
To be eligible for membership in this society a person 
must be an active investigator in some branch of zoology, 
as indicated by the published results. 

The American Association of Anatomists includes in 
its membership investigators and teachers in compara- 
tive anatomy, embryology, and histology as well as in 
human anatomy. Many professional zoologists and 
experimental biologists present their papers before this 
society, or at the meetings of the American Physiological 
Society. The Entomological Society of America and the 
American Association of Economic Entomologists are 
large and active societies. 

These national societies have been of great service in 
fostering a high standard of zoological research. ■ A still 
more important service, though generally less conspicu- 
ous, is rendered by the journal clubs in connection with 
all the larger zoological laboratories,' and by local scien- 



centers of learning thronghout the country. There are 
also specific societies for some of the different fields of 
biological work. 


Biological Stations. 

No insignificant factor in the development of biological 
science has been the establishment of biological stations 
where investigators, teachers and students meet in the 
Summer vacation for special studies, discussions and 
research. The most successful of these laboratories have 
been located on the seashore and here the study of marine 
life in Summer supplements the work of the school or uni- 
versity biological courses. The famous Naples Station 
was founded in 1870, and was shortly after followed by 
several others. Similar biological stations are now sup- 
ported on almost every coast in Europe and in several 
inland localities. 

The first such American school was established by 
Louis Agassiz at the island of Penikese on the coast of 
Massachusetts in 1873, succeeding his private laboratory 
at Nahant. During that Summer more than forty stu- 
dents gained enthusiasm for the work of future years. 
Unfortunately the laboratory so auspiciously started was 
of brief duration, for the death of Agassiz occurred in 
December of the same year, and the laboratory was dis- 
continued at the end of the following Summer. Shortly 
afterward Alexander Agassiz equipped a small private 
laboratory at Newport, Rhode Island, and W. IC. Brooks 
established the Chesapeake Bay Zoological Laboratory. 

At this time the United States Eish Commission was 
engaged under the direction of Spencer P. Baird in a 
survey of the marine life of the waters off the Eastern 
Coast. Between 1881 and 1886 the Commission estab- 
lished the splendidly equipped biological station at 
Woods Hole, Massachusetts. Both here and at the Pish 
Commission Laboratory at Beaufort, North Carolina, 
much work in general zoology as well as in economic prob- 
lems is accomplished. These laboratories are designed 
particularly for specialists engaged in researches con- 
nected with the work of the Pish Commission. 



broader lines, and one available to tbe students and 
teachers of the schools and colleges. To meet these 
requirements the Woods Hole Marine Biological Labora- 
tory was started in 1887, as the successor to an earlier 
laboratory at Annisquam, and has since become a great 
Summer congress for biologists from all parts of the 
country. It is safe to say that no other institution has 
been of equal service in securing for biology the high 
plane it now occupies in American science. The leading 
spirit in the establishment of this laboratory and its 
director for many years was Charles 0. 'Whitman. 

Successful marine laboratories are located also at Cold 
Spring Harboi', Long Island ; at Harpswell, Maine ; and 
at Bermuda. The Carnegie Institution maintains a lab- 
oratory at Tortugas Island, Florida, for the investigation 
of tropical marine life. 

On the Pacific Coast marine laboratories are located 
at Pacific Grove and at La Jolla, California, and at Pri 
day Harbor, Washington. Several other biological lab- 
oratories are open each Summer on our coasts, as well as 
a number of fresh- water laboratories on the interior 
lakes. There are also several mountain laboratories. 
The influence of these laboratories on American biology 
is immeasurable. 

Natural History Museums. 

Museums of Natural History or “Cabinets of Natural 
Curios” as they were sometimes called, were established 
in the first half of the nineteenth century in connection 
with the various natural history societies. These were 
of much service in stimulating the collection of zoological 
“specimens” and in arousing a popular interest in 
natural history. 

The zoological museum of earlier days consisted of 
rows on rows of systematically arranged specimens, each 
carefully labelled with scientific name, locality, date of 
collection and donor — much like the pages of a catalogue. 
All this has now been changed ; the bottles of specimens 
have been relegated to the storeroom, and the great 
plate glass cases of the modern museum represent indi- 
vidual studies in the various fields of modern zoological 


test-books. Often the talent of the artist and the skill 
of the taxidermist are cunningly combined to produce 
most realistic bits of nature. 

The United States National Museum, the American 
Museum of Natural History, the Field Columbian Museum, 
and the Museum of Comparative Zoology are among the 
finest museums of the world, while many of the states, 
cities, and universities maintain public museums as a 
part of their educational systems. 

Systematic Zoology and Taxonomy. 

The work in systematic zoology is now mainly carried 
on by specialists in relatively small groups of animals. 
This is necessitated both by the increasingly large num- 
ber of species known to science and by the completeness 
and exactness with which species must now be defined. 
The majority of systematic workers are now connected 
with museums where the large collections furnish mate- 
rial for comparative studies. 

Prominent in this field is the United States National 
Museum, the publications of which are mainly taxonomic 
and zoogeographic, and cover every group of organism. 
The adequacy of this great museum for such studies 
may be illustrated by the collection of mammals. This 
pauseum has the types of 1135 of the 2138 forms (includ- 
ing species and subspecies) of North American mammals 
recognized in Miller’s list,'* and less than 200 forms lack 
representatives among the 120,000 specimens of mam- 
mals. Systematic monographs of several of the orders 
of mammals have been published. 

Systematic study of the birds has brought the number 
of^ species and subspecies known to inhabit North and 
Middle America to above 3000. The most comprehen- 
sive systematic treatise is the still incomplete report of 
Eidgeway® of which seven large volumes have already 
been issued. 

On the reptiles, the most complete monograph is that 
by Cope® entitled '‘The Crocodilians, Lizards and Snakes 
of N orth America. ’ ’ 

The Amphibia have also been studied by Cope, whose 
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ard taxonomic work. 

The most comprehensive systematic work on fishes is 
the “Descriptive Catalogue of the Fishes of North and 
Middle America” by Jordan and Evermann.“ 

The invertebrate groups have been in part similarly 
monographed by the members of the U. S. National 
Museum staff and others, and further studies are in prog- 
ress. Other taxonomic monographs published by this 
museum include the various groups of animals from 
many different parts of the world. 

A number of the larger State, municipal, and university 
museums publish bulletins on special groups represented 
in their collections as well as articles of general zoological 
interest. 

Expeditions, subsidized by museum and private funds, 
are from time to time sent to various parts of the world 
and their results are often published in sumptuous 
manner. 

The total number of living species of animals is 
unknown, but considering that about a quarter of a mil- 
lion new species have been described during the past 
thirty years, it is probable that several million species are 
in existence to-day. More than half a million have been 
described. These are probably but a small fraction of 
the number that have existed in past geological ages. 

Thus, in spite of all the work that has been done in sys- 
tematic zoology and as the number of known species con- 
tinues to increase, there still remain many groups of 
animals, some of which are by no means rare or minute, 
in which probably only a small proportion of the species 
are as yet capable of identification. , 

It is only since the publication of Ward and Whipple’s 
“Fresh-water Biology” within the past year that the 
amateur zoologist could hope to find even the names of 
all the organisms which may be collected from a single 
pool of water. And in many cases he will still meet with 
disappointment, for many of our protozoa and other 
fresh-water organisms have not yet been described as 
species. 

During the past few years there has been a tendency on 


tal work to disparage the studies of the systematists. It 
must be granted, however, that both lines of work are 
essential to the sound development of zoological science, 
for esperimental investigations in which the accurate 
diagnosis of species is ignored always result in confusion. 

Ecology . — The marvelous modifications in structure 
and instincts by which the various animals are adapted 
to their surroundings now forms a special topic in biolog- 
ical research and one of the most fascinating. The adap- 
tations ill habitat, time, behavior, appearance and even 
in structure are found capable of a certain individual 
modification when studied experimentally. 

Zoogeography . — Closely associated with systematic 
zoology, and indeed a part of the subject in its broader 
sense, is the study of the geographical distribution of 
animal species and larger groups. 

Paleontology . — The geological succession of organisms 
embraces a field where zoologist and geologist meet. 
The wonderful progress made by American investiga- 
tors is well described in the preceding chapters on His- 
torical Geology and Vertebrate Paleontology. 

Biometry. 

Since Darwin’s theory of evolution postulated the 
origin of new species by means of natural selection, it 
was obviously necessary in order to apply a critical test 
to determine the precise limits of a species. It was, 
therefore, proposed to subject a given species to a strict 
examination by the application of statistical methods to 
determine the range of variation of its members and the 
extent to which the species intergrades with others. 
Other problems, particularly those concerning heredity, 
were treated in similar manner. This branch of biolog- 
ical science was particularly developed by the English 
School, led by Sir Francis Galton, followed by Karl 
Pearson and William Bateson. 

In America the methods of biometry have been utilized 
extensively by Charles B. Davenport, Raymond Pearl, 11. 
S. Jennings and others in the solution of problems in 
genetics and evolution. Their work shows the great 



of biological data. A thorough training in mathematics 
is now found to be hardly less important for the biologist 
than is a knowledge of physics and chemistry, for the 
science of biometry has become one of the most important 
adjuncts to the study of genetics. 


Comparative Anatomy and J^mhryology» 

Comparative Anatomy . — Upon the foundations laid 
down l3y Cuvier a century ago the present elaborate 
structure of comparative anatomy of animals, both verte- 
brate and invertebrate, has been developed. Vast as is 
the present accumulation of facts and theories many 
important problems still await their solution. Jeffries 
"Wyman was long a leader in this field, where many 
workers are now engaged. 

Embryology . — The embryological studies, so bril- 
liantly begun by Von Baer early in the nineteenth cen- 
tury, are still in progress. They have now been extended 
to the groups more difficult of investigation and into the 
earliest stages of fertilization and implantation in the 
mammals. Artificial cultural methods have yielded 
important results. Louis and Alexander Agassiz, Mark, 
Minot, Brooks, Whitman, Conklin and E. B. Wilson have 
taken prominent parts in this work. 

In the early nineties embryological studies were 
directed to the arrangement of cells in tlie dividing egg, 
and there was much discussion of “cell lineage” in 
development. Valuable as were these studies they threw 
comparatively little light on the general problems of 
evolution. 

Experimental Embryology . — A more fertile field, 
developed at the same period and a little later, was found 
in experimental embryology. The discoveries made by 
Driesch and others in shaking apart the cells of the divid- 
ing egg or by destroying one or more of these cells gave 
a new insight into the potency of cells for compensatory 
and regenerative processes. These studies attracted 
many able investigators, who made still further advance 
by subjecting the germ cells, developing eggs, embryos, 



clitions. 

Artificial Parthenogenesis. — Another question concerns 
the nature of the process of fertilization and the agencies 
which cause the fertilized egg to develop into an embryo. 
In 1899 Jacques Loeh succeeded in causing development 
in unfertilized sea-urchin eggs by subjecting them to con- 
centrated sea water for a period and then returning them 
to their normal environment. To this promising field of 
experimental work came many of the foremost biologists 
both in America and Europe. It was soon found that 
the eggs of most groups of animals except the higher 
vertebrates could be made to develop into more or less 
perfect embryos and larval forms by treatment with a 
great variety of chemical substances, bj'' increased tem- 
perature, by mechanical stimuli and by other means. 
This artificial parthenogenesis, as it is called, has also 
been successful in plants (Phicits), and receaitly Loeb has 
reared several frogs to sexual maturity by merely 
puncturing with a sharp needle the eggs from Avhich they 
were derived. Loeb, then, maintains that “the egg is the 
future embryo and animal; and that the spermatozoon, 
aside from its activating effect, only transmits Mendelian 
characters to the egg. ’ 

Further experimental analyses of the nature of the fer- 
tilization mechanism have recently been made by Mor- 
gan, Conklin, F. R. Lillie, and others. 

Germinal Localization. — The question as to whether the 
egg contains localized organ-foinning substances has been 
studied expei’imentally particularly by means of the cen- 
trifuge. The results indicate that neither of the older 
opposing theories of “perfonnation” or “epigenesis” is 
applicable to all eggs, but that in certain organisms the 
eggs possess a well-marked differentiation while in 
others each part of the egg is essentially, although prob- 
ably not absolutely, equip otential. 

_ The Germplasm Cycle. — Since Weismann’s postula- 
tion of the independence of soma and germplasm in 1885 
many attempts have been made to trace the path of the 
hereditary substance from one generation to the next. 
A recent book by HegneF® summarizes the success 
attained in various groups of animals. 
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Anothei’ important field of investigation wliich lias 
attracted many workers is that which pertains to the life 
of the cell — the science of cytology. Although the cell- 
theory was established as early as 1839, little advance 
was made in this subject in America before 1880. Since 
that time, however, Americans have been so successful in 
cytological discoveries that they are now among the 
world’s loaders in this field. 

These studies have been followed along both descrip- 
tive and experimental lines. The most prominent of the 
early workers in this field are E. L. Mark and E. B. Wil- 
son. Mark’s description of the matnration, fecundation, 
and segmentation of the egg is the most accurate and 
complete of the early cytological studios. Wilson’s 
discoveries concerning the details of fertilization and 
his “Atlas of Fertilization and Karyokinesis,” pub- 
lished in 1895, have now become classic. Wilson, too, 
has published the only American text-book on cytology,^ ^ 
and has more recently taken the load in studies con- 
cei’iiing the relation between the chromosomes and sex. 
Besides Wilson, Montgomery, Mark, McClung, Morgan, 
Miss Stevens, Conklin and their associates and students 
have now furnished conclusive evidence that the sex of 
an organism is determined by, or associated with, the 
nuclear constitution of the fertilized egg. This consti- 
tution is moreover shown to be dependent upon the chro- 
mosomes received from the germ cells. 

This explanation is in strict accordance with the results 
of experimental breeding. It is also quite in harmony 
with the Mendclian law of inheritance, and in. fact forms 
one of the strongest supports for the view that all Men- 
delian factors are resident in the chromosomes. Recent 
work has also discovered the mechanism which governs 
the complicated conditions of sex which occur in those 
animals which exhibit alternating sexual and partheno- 
genetic generations. These remarkable processes are in 
all cases found to depend upon a definite distribution of 
the chromosomes. 

Other recent experimental work has shown that while 
the sex is thus normally determined in the fertilized egg, 
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abnormal conditions in the developing einbi'yo, as is 
demonstrated by the recent work of Lillie and others. 

The cytological basis for Menclolian inheritance has 
been very extensively studied by Morgan and his pupils 
in connection with their work on inheritance in the com- 
mon fruit fly Drosophila. The evidence supports Weis- 
inann’s earlier hypothesis that the chromosomes are the 
bearers of the heritable factors, and that these are 
arranged in a series in the different chromosomes. This 
theory is shown to be in such, strict accord with both the 
cytological studies and the results of experimental breed- 
ing that Morgan has ventured to indicate definite points 
in particular chromosomes as the loci of definite heri- 
table factors, or genes. 

Confirmation of this view is furnished by the behavior 
of the so-called sex-linked characters, the genes for which 
are situated in the same chromosome as that which 
carries the sex factor. Many ingenious breeding experi- 
ments indicate further that all the hereditai’y characters 
in Drosophila are borne in four great linkage groups 
corresponding with the four pairs of chromosomes which 
the cells of this fly possess. 

Comjiarative Fhyslology, 

None of the experimental fields has been of greater 
importance in zoological progress than that which con- 
cerns the functions of the various organs. Without this 
companion science morphology and comparative anatomy 
would have become unintelligible. American investiga- 
tors, among whom G. H. Parker stands prominent, have 
taken a leading part in this field also. 

Neurology . — The physiological analysis of the com- 
ponents of the nervous system, both in vertebrates and 
invertebrates, is another important branch of experimen- 
tal biology. The 28 volumes of the Journal of Compara- 
tive Neurology attest the large influence that American 
investigators have had in the development of this science. 

Regeneration . — Experimental studies on the powers 
of regeneration in plants and animals have been made 
from the earliest times. During the past few years, how.-; 



the factors which determine the amount and rate of 
regeneration. Much progress has been made toward the 
postulation of definite laws applicable to the regenerative 
processes of the parts of each organism. The critical 
analyses of Morgan, Loeb and Child have been particu- 
larly stimulating. 

Tissue Culture. — Another line of experimental work 
which has been developed within the past few years by 
Harrison, Carroll, and others is the culture of body 
tissues in artificial media. These experiments have 
included the cultivation in tubes or on glass slides of the 
various tissues of numerous species of animals. They 
have yielded much information regarding the structure, 
growth and multiplication of cells, the formation of tis- 
sues, and the healing of wounds. 

Transplantation and Grafting. — Closely associated 
experiments consist in the transplantation of organs or 
otlier poi’tions of the body to abnormal positions, to the 
bodies of other animals of the same species or of other 
species. In this way much has been learned about the 
potentiality of organs for self-differentiation, for regula- 
tion, for regeneration and for compensatory adaptations. 
The experiments have shown, further, the independence 
of soma and germplasm and have revealed the nature of 
certain organs whose functions were previously obscure. 

Tropisms and Instincts. — Another field of experimen- 
tal biology concerns the analysis of behavior of organ- 
isms in response to various forms of stimuli. These 
studies are being prosecuted on all groups of organisms, 
including the larval stages of many animals, and are 
yielding most remarkable results. The success in this 
field of research is largely due to stimulating influence of 
Jacques Loeb, Parker, Jennings, and their co-workers. 

Biological Chemistry. — Still another experimental field 
which has developed into one of the most important of 
the biological sciences relates to the fundamental chem- 
ical and physical changes which underlie all organic phe- 
nomena. A knowledge of both physiological and physi- 
cal chemistry is to-day essential for all advanced 
biological work. The peculiar nature of life itself, of 
growth, disease, old-age, degeneration, death and dissolu- 


physical laws. The ultimate goal of all experimental 
biology, therefore, will be reached only when the basic 
physico-chemical properties of life are understood. At 
that time only will the perennial controversj'' between 
vitalism and mechanism be ended. 

Economic Zoology. 

A moment’s reflection will show that economic 
biology is the most essential of all sciences to the human 
welfare and progress. For man’s relation to his envi- 
ronment is such that the penalty for ignorance or neg- 
lect of the biological principles involved in the struggle 
for existence quickly overwhelms him with a horde of 
parasites or other enemies. 

It is only by the intelligent application of biological 
knowledge that our food supplies, our forests, our domes- 
ticated animals and our bodies can be protected from the 
ever ravenous organisms which surround us. 

The losses to food supplies and other products by 
insects alone amounts to 100 millions of dollars a month 
in the United States. And the parasites cause losses in 
sickness and premature deaths each year of many mil- 
lions more. Then there are the destructive rodents and 
other animals which add largely to our burdens of sup- 
port. These enemies next to wars and fungi are the most 
destructive agencies on earth. Could they but be elim- 
inated man’s struggle against opposing forces would be 
in large measure overcome. The results of recent work 
in economic zoology, both in regard to the destruction of 
enemies and protection of useful mammals, birds and 
fishes, furnish a bright outlook for the future. 

Protozoology . — Partly as an experimental field for the 
solution of general biological problems and partly 
because of its practical applications the study of protozoa 
has now developed into a special science. 

The results of the investigations of Calkins, Woodruff, 
Jennings and others have greatly supplemented our 
understanding of the signification of such important 
biological phenomena as reproduction, sexual differen- 
tiation, conjugation, tropisms, and metabolism. 
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recently been shown to be of the greatest importance 
because of the human and animal diseases for which they 
are responsible. 

Parasitology . — The animal parasites of man, domesti- 
cated animals and plants include numerous species of 
protozoa, worms, and insects. Together with the bac- 
teria and a few higher fungi they cause all communicable 
diseases. Wlien we consider that not only our health 
but also our entire food supply is dependent upon the 
elimination of these organisms we must admit that para- 
sitology is the most important economically of all the 
sciences. 

The reports of the investigations of Stiles and his 
associates in the Hygienic Laboratory and of Ransom 
and his staff in the Bureau of Animal Industry are widely 
distributed by the federal government. The systematic 
studies so ably begun by Joseph Leidy in the middle of 
the last century have been continued by Ward, Linton, 
Pratt, Curtis and others on the parasites of many groups 
of animals. 

Economic Entomology . — Another extremely important 
biological science, the practical applications of which are 
second only to those of parasitology in importance, is 
entomology. In the last few years economic entomology 
has exceeded any of the other branches of biology in the 
number of its investigators. The American Association 
of Economic Entomologists has a membership of about 
five hundred. The work of most of these is supported by 
appropriations from the State and federal governments, 
and the results of their investigations are widely 
published. 

It is now well known that some of the protozoon par- 
asites are conveyed from man to man only through 
the bites of insects. The local eradication of several 
of our most fatal diseases has recently been brought 
about by the application of measures to destroy such 
insects. This is the greatest triumph of economic 
zoology. 

Economic Ichthyology . — The IJ. S. Pish Commission 
has for many years been actively engaged in investiga- 
tions on the food fishes, including methods for increasing 



propagation. The work includes also edible and other- 
wise useful mollusks and Crustacea. Their marine and 
fresh-water laboratories have also been of great service 
to general biological science. 

Economic Ornithology and Mammalogy . — In addition 
to the local bird clubs and the American Ornithologists 
Union for the study and preservation of bird and mam- 
mal life, the Bureau of Biological Survey has for some 
years conducted investigations on the economic import- 
ance of the various species. The publications of this 
Bureau are of great value both in determining the 
economic status of our birds and mammals, and also in 
recommending means for the protection of the beneficial 
species and the destruction of the injurious. Several of 
the States issue similar publications. 

Genet'icsm 

One of the most interesting chapters in biology relates 
to the development of the modern science of heredity, 
or genetics. 

Previous to the year 1900, when the Mendelian princi- 
ple of inheritance was re-discovered, the relative import- 
ance of heredity and of environment in the development 
of an organism was little understood. It is true that 
Weismann had insisted on the independence of soma and 
germplasm some years earlier (1883), but the body of, 
the individual was still generally considered the key to’ 
its inheritance. 

The recognition of the general application of Mendel’s 
discovery gave a great impetus to experimental breeding 
both in plants and animals. 'Wliile heretofore it had been 
necessary to depend upon the somatic characters as evi- 
dence of the hereditary constitution of an individual, it 
now became possible, knowing the hereditary constitution 
of the parents of any pair of individuals, to predict with 
almost mathematical certainty the characters of their 
possible offspring. 

In general, the laws of possible chance combinations of 
any p'oup of characters determine the probability of any 
particular offspring possessing one or many of those 
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characters. The physical basis for such Mendeliaa 
inlieritanee is evidently the chance combinations of 
chromosomes which result from the processes of matura- 
tion and union of the germ cells. 

Certain limitations to the law are met with because 
the relatively small number of chromosomes involves 
linkage of genes, because of the occasional interchange of 
groups of genes between homologous chromosomes, and 
because the relative activity or potency of any partic- 
ular gene may differ in different races, and, finally, 
because the normal activity of any given gene may be 
modified or inhibited by the action of other genes. It is 
by no means certain, however, that all inheritance is 
Mendelian, for there still remains much evidence that the 
hereditary basis of certain characters may be resident in 
the cytoplasm, rather than in the chromosomes. A 
recent book by Morgan, Sturtevant, Muller and Bridges 
(1915), entitled “the mechanism of Mendelian heredity” 
gives the cytological explanation of Mendelian inher- 
itance. 

Americans have from the first taken a leading part in 
this field of research and have been quick to recognize its 
practical applications to the improvement of breeds in 
both animals and plants. This prominent position is 
largely due to the experimental work of Castle, Daven- 
port, Morgan, Jennings, Pearl, and their co-workers on 
animals and that of East, Emerson, Davis, Hayes and 
Shull on plants. 

The geneticist now realizes that the appearance of the 
body (phenotype) gives but little clue to the inheritance 
(genotype). That two white flowers produce only pur- 
ple offspring, or two white fowls only deeply colored 
chickens, or that a pair of guinea pigs, one of which is 
black and the other white, have only gray agouti off- 
spring, while other apparently similar white flowers or 
white animals produce offspring like themselves, is now 
readily comprehensible and mathematically predictable. 

The most important application of our newly acquired 
knowledge of inheritance is in the improvement of the 
human race. The wonderful opportunity in this direc- 
tion must be apparent to all. The welfare of humanity 
depends upon the immediate adoption of eugenic princi- 



the essential data. 

With the destruction of the "world ’s best germ plasm 
at a rate never equalled before, the outlook for the future 
race would be appalling were it not for the hope that with 
the advent of a righteous peace will come a realization of 
the necessity of applying these new biological discoveries 
to improving the races of men. That the discoveries 
have been made too late in the world’s history to be of 
such use to humanity must not be thought possible. 

U^vol^ition* 

Previous to the publication of Darwin’s Origin of 
Species” in 1859, American zoologists were generally 
inclined toward special creation, in spite of the evidences 
for evolution which had been presented by Erasmus Dar- 
win, Buffou, Lamarck, and Gooffroy St. Hilaire. This 
attitude of mind continued for some years after the pub- 
lication of the natural selection theory of Darwin and 
Wallace. This was in part due to the powerful influence, 
of Louis Agassiz and others who bitterly opposed the 
Darwinian theory. The influence of Asa Gray in gaining 
a general acceptance for this theory is explained in the 
following chapter. 

A modified Lamarckian doctrine was widely accepted 
in the last quarter of the century, due largely to the 
influence of Cope, Hyatt and Packard. The inheritance 
of “acquired characters” demanded by this theory seems 
incompatible with the discoveries of recent times, so that 
“today the theory has few followers amongst trained 
investigators, but it still has a popular vogue that is wide- 
spread and vociferous. 

The origin of new varieties and species by accidental 
and fortuitous modifications (mutations) of the germ- 
plasm is now the most widely accepted theory of evolu- 
tion. 

Some of the most important discoveries regarding the 
origin of new forms have been recently made by Morgan 
and his pupils. Prom a stock of the common fruit fly 
(Drosophila ampelophila) more than 125 new types htive 
arisen within six years. Each of these types breeds true. 
“Each has arisen independently and suddenly. Every 



pan or me Doay nas oeen aiteeted by one or another or 
these mutations.” To arrange thes.e mutations arbi- 
trarily into graded series would give the impression of an 
evolutionary series, but this is directly contrary to the 
known facts concerning their origin, for each mutation 
“origiuated independently from the wild type.” “Evo- 
lution has taken place by the incorporation into the race 
of those mutations that are beneficial to the life and 
reproduction of the individual.” This evolutionary 
process is usually accompanied by the elimination of 
those forms which have remained stable or which have 
developed adverse mutations. 

^ A question that is being vigorously debated at this 
time concerns the possible effects of selection on the 
hereditary factors. Are the genes fixed both qualita- 
tively and quantitatively or does a given gene vary in 
potency under different conditions and in different indi- 
viduals'? In the former case selection can only separate 
the existing genes into separate pure strains. But if the 
gene be quantitatively variable, then selection will result 
in the establishment of new types. 

Castle has long stoutly maintained the effect of such 
selection, and his forces have recently been augmented by 
Jennings. The experimental work now in process will 
doubtless yield a decisive answer. 

Conclusion* 

A comparison of the simple descriptive natural history 
of a century ago with the foregoing manifold develop- 
ments of modern biology Avill indicate the wonderful 
progress which has occurred during this period. The 
path has led from the crude methods of the almost 
unaided eye and hand to the applications of the most 
delicate expei’imental apparatus. For the marvelous 
success which zoology has attained has been possible only 
by the skillful use of scalpel, microscope, microtome and 
other mechanical devices and by the refined methods of 
the chemist and physicist. 

The central truth to which all these discoveries consist- 
ently point is the unity and harmony of all biological 
phenomena, and indeed of all nature. No longer does the 
zoologist find any demarcated line separating his field of 



of the physicist, for all the natural sciences obviously deal 
■with closely associated phenomena. The aim _ of the 
future will be both to complete fields of study already 
marked out and to derive a comprehensive explanation 
of the general principles involved. 
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THE DEVELOPMENT OF BOTANY SINCE 1818 


By GEORGE L. GOODALE 

^‘Our Botany, it is true, has been extensively and 
successfidly investigated, but this field is still rich, and 
rewards every new research with some interesting dis- 
covery.” 

S UCH are tlie words with which the sagacious and 
far-sighted founder of the American Journal of 
Science and Arts, in his general introduction to the 
first volume, alludes to the study of plants. It is plain 
that the editor, embarking on this new enterprise, appre- 
ciated the attractions of this inviting field and sympa- 
thetically recognized the good work which was being done 
in it. It is not surprising, therefore, to find that he wel- 
comed to the pages of his initial number contributions to 
botany. 

_ Early Botanical Worhs . — The collections of dried and 
living North American plants, which had been carried 
from time to time to botanists in Europe, had been 
eagerly studied, _ and the results had been published in 
accessible treatises. Besides these general treatises, 
there had been issued certain works, wholly devoted to 
the American Flora. Among these latter may be men- 
tioned Pursh’s “Flora” (1814) and Nuttall’s “Genera” 
(1818). There were also a few works which were rather 
popular in their character, such as Amos Eaton’s “Man- 
ual of Botany for North America” (1817), and Bigelow’s 
“Collection of the Plants of Boston and environs” 
(1814). These handbooks were convenient, and pos- 
sessed the charm of not being exhaustive; consequently 
a botanist, whether professional or amateur, was stimu- 
lated to feel that he had a good chance of enriching the 
list of species and adding to the next edition. 



At that time, the botanists had no journal in this 
country devoted to their science. Here and there thej'' 
found opportunity for publishing their discoveries in 
some medical periodical or in a local newspaper. Hence 
American botanists availed themselves of the welcome 
extended by Silliman to botanical contributors to place 
their results on record in a magazine devoted to science 
in its wide sense. Specialization and subdivision of 
science had not then begun to dissociate allied subjects, 
and, consequently, botanists felt that they would be at 
home in this jouimal conducted by a chemist. Botanists 
responded promptly to this invitation with interesting 
contributions. 

It is well to remember that the appliances at the com- 
mand of naturalists at the date when the Journal began 
its service, were imperfect and inadequate. The botanist 
did irot possess a convenient achromatic microscope, and 
he was not in possession of the chemical aids now deemed 
necessary in even the simplest research. Hence, atten- 
tion was given almost wholly to such matters as the 
forms of plants and the more obvious phenomena of 
plant-life. In view of the poverty of instrumental aids 
in research, the results attained must be regarded as sur- 
prising. 

In the very first volume. of the Journal, bearing the date 
of 1818 , there are descriptions of four new genera and of 
four new species of plants ; certainly a large share to 
give to systematic botany. Besides these articles, there 
are some instructive notes concerning a few plants, which 
up to that time had been imperfectly understood. There 
are four Moral Calendars which give details in regard 
to the blossoming and the fruiting of plants in limited 
districts, a botanical subject of some importance but 
likely to become tedious in the long run. Just here, the 
skill of the editor in limiting undesirable contributions is 
shown by his tactful remark designed to soothe the feel- 
ings of a prolix writer whose too long list of plants in a 
floral calendar he had editorially cut down to reasonable 
limits. The editor remarks, “such extended observa- 
tions axe desirable, but it may not always be convenient 


rence.” It is convenient to consider by themselves some 
of the botanical contributions published in the first series 
of volumes of the Journal during a period of twenty 
years, the period before Asa Gray became actively and 
constantly associated with the Journal. 

In systematic and geographical botany one finds com- 
munications from Douglass and Torrey (4, 56, 1822) 
on the plants of what was then the North- Avest; Lewis C. 
Beck (10, 257, 1826; 11, 167, 1826; 14, 112, 1828) contri- 
buted valuable papers on the botany of Illinois and Mis- 
souri ; there is a literal translation by Dr. Ruschenberger 
(19, 63, 299, 1831; 20, 248, 1831; 23, 78, 250, 1833) of a 
very long list of the plants of Chili ; Wolle and Huebener 
(37, 310, 1839) gave an annotated catalogue of botanical 
specimens collected in Pennsylvania ; Tuckerman (45,27, 
1843) presented communications in regard to numerous 
species which he had examined critically; Darlington 
(41, 365, 1841) published his lecture on grasses ; Asa Gray 
(40, 1, 1841) gave an instructive account of European 
herbaria visited by him, and he contributed also a charm- 
ing account (42, 1, 1842) of a botanical journey to the 
mountains of North Carolina. The most extensive series 
of botanical communication at tjiis time was the Caricog- 
raphy by Professor Dewey of Williams College, pre- 
sented in many numbers of the Journal ; the first of these 
in 7, pp. 264-278, 1824. There Avere also descriptions of 
certain neAV genera, and species, and critical studies in 
synonyms. 

Cryptogamic botany is represented in the first series 
of volumes of the Journal by L. C. Beck’s (15, 287, 1829) 
study of ferns and mosses, by Bailey’s (35, 113, 1839) 
histology of the vascular system of ferns, by Pries’ Sys- 
tema mycologicum (12, 235, 1829), and by De SchAveinitz 
(9, 397, 1825) and Halsey, Avho had in hand a cryptogamic 
manual. There arc two important papers by Alexander 
Braun, translated by Dr. George Engelmann, one on the 
BquisetacefE of North America (46, 81, 1844) and the 
other on the Characese (46, 92, 1844). 

Vegetable paleontology had begun to attract attention 
in many places in this country, and therefore the trans- 
lated contributions by Brongniart on fossil plants were 
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given space in the Journal. Plant-physiology received 
a good share of attention either in short notices or in 
longer articles. Such titles appear as, the respiration of 
plants, the circulation of sap, the excrementitious matter 
thrown off by plants, the effects of certain gases and 
poisons on plants, and the relations of plants to different 
colored light. One of the most important of the notes 
is that in which is described the discovery by Eobcrt 
Brown (19, 393, 1831) of the constant movement of 
minute particles suspended in a liquid, first detected by 
him in the f ovilla of pollen grains, and now hnown as the 
Brownian (or Brunonian) movement. The heading 
under which this note appears is of interest, “The motion 
of living particles in all kinds of matter.” 

One side of botany touches agriculture and economics. 
That side was represented even in the first volume of the 
J ournal by a study of “the comparative quantity of nutri- 
tious matter which may he obtained from an acre of land 
when cultivated with potatoes or wheat.” Succeeding 
volumes in this series likewise present phases which are 
of special interest regarded from the point of view of 
economics ; for example, those which treat of rotation of 
crops and of enriching the soil. Probably the economic 
paper which may be regarded as the most important, in 
fact epoch-making, is the full account of the invention by 
Appert of a method for preserving food indefinitely 
(13, 163, 1828). "We all know that Appert ’s process has 
revolutionized the preservation of foods, and in its mod- 
ern modification underlies the vast industry of canned 
fruits, vegetables and so on. There are suggestions, 
also, as to the utilization of new foods, or of old foods in 
a new way, which resemble the suggestions made in these 
days of food conservation. For example, it is shown 
that flour can be made from leguminous seeds by steam- 
ing and subsequent drying, and pulverizing. There are 
excellent hints as to the best ways of preparing and using 
potatoes, and also for preserving them underground, 
where they will remain good for a year or two. It is 
show that potato flour can be made into excellent bread. 
Another method of making bread, namely from wood, is 
described, but it does not seem quite so practicable. 



sugar, and here appears one of the earliest accounts of 
i Assam tea-plant, which was destined to revolutionize 
j tea industry throughout the world. Cordage and tex- 
e fibers of bark and of wood should be utilized in the 
inufacture of paper. In fact one comes upon many 
ch surprises in economic botany as the earlier volumes 
the Journal arc carefully examined. 

Early numbers of the Journal present with suffi- 
mt fulness accounts of the remarkable discovery by 
iguerre and others of a process for taking pictures by 
:lit, on a silver plate or upon paper ( 37 , 374, 1839; 38 , 
, 1840, etc.). Before many years passed, the Journal 
d occasion to show that these novel photographic 
lineations could be made useful in the investigation of 
oblems in botany. In the pages of the Journal it would 
easily possible to trace the development of this art in 
1 relations to natural histoiy. Silliraan possessed 
eat sagacity in selecting for his enterprise all the nov- 
;ies which promised to be of service in the advancement 
science. In 1825 (9, 263) the Journal republished 
am the Edinburgh Journal of Science an essay by Dr. 
fterwards Sir) William Jackson Hooker, on American 
)tany. In this essay the author states that “the 
rious scientific Journals” which “are published in 
nerica, contain many memoirs upon the indigenous 
ants. Among the first of these in point of value, and 
5 thinlc also the first with regard to time, we must name 
H i m ania Journal of Science.” The author enumerates 
me of the contributors to the Journal and the titles of 
eir papers. 

It has been a useful practice of the Journal, almost 
om the first, to transfer to its pages memoirs which 
)uld otherwise be likely to escape the notice of the 
ajority of American botanists. The book notices and 
e longer book reviews covered so wide a field that they 
aced the readers of the Journal in touch with nearly all 
the current botanical literature both here and abroad, 
leae critical notices did much towards the syrmnetrical 
velopment of botany in the United States. And as we 
all now see, the Journal notices and reviews in the 


In 1834 there appears in the Journal (25, 346) a 
“Sketch of the Mineralogy of a portion of Jefferson and 
St. Lawrence Counties, New York, by J. B. Crawe of 
WatGrto■'^^^ and A. Gray of Utica, New York.” This 
appears to be the first mention in the Journal of the 
name of Dr. Asa Gray, who, shortly after that date, 
became thoroughly identified with its botanical interests. 
In the early part of his career both before and imme- 
diately after graduating in medicine. Gray gave much 
attention to the different branches of natural history in 
its wide sense. He not only studied but taught “chemis- 
try, geology, mineralogy, and botany,” the latter branch 
being the one to which he devoted most of his attention. 
Among his early guides in the pursuit of botany may be 
mentioned Dr. Hadley, “who had learned some botany 
from Dr. Ives of New Haven,” and Dr. Lewis C. Beck of 
Albany, author of Botany of the United States North of 
Virginia. At that period he made the acquaintance 
of Dr. John Torrey of New York, with whom he later 
became associated in most important desci-iptive work. 
During the years between his graduation in medicine and 
1842, the year when he came to Harvard College, his 
activities were diverse and intense; so that his prep- 
aration for his distinguished career was very broad and 
thorough. His first visit to Europe, in 1838, brought him 
into personal relations with a large number of the botan- 
ists of Great Britain and the Continent. This extensive 
acquaintance, added to his broad training, enabled him 
even from the outset to exert a profound influence upon 
the progress of his favorite science. He made the 
Journal tributary to this development. His name first 
appears as associate editor in 1853, but there are articles 
in the Journal from his pen which bear an earlier date. 
The first of these early botanical papers is the following: 
“A Translation of a memoir entitled ‘Beitrage zur Lehre 
von der Befruchtung der Pflanzen,’ (contributions to the 
doctrine of the impregnation of plants, by A. J. 0. 
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■y relative to vegetable fecundation; by Asa Gray, 

(31, 308, 1837). Dr. Gray says that lie mnde tho 
lation from the German for his oAvn private irse, 
[linking that it might be interesting to the Lyceum, 
ought it before the Society, with “a cursory account 
e progress of discovery respecting the fecundation 
)wering plants, for the purpose of rendering tho 
lir more generally intelligible to those who are not 
eularly conversant with the present state of botan- 
ciencc.” The translation occupies six pages of the 
nal, while the prefatory remarks fill nine page's, 
ircfatory remarks constitute an exhaustive essay on 
ubject, embodied in attractive and perfectly chjar 
lagc. The translator shows complete fanuliarity 
the matter in hand and gives an adequate acicounl, of 
le work done on the subject up to the date ()f 
orda’s paper. A second important paper by him 
this period is his review of “A Natural System of 
ly: or a systematic view of the Organisation, Na tu- 
ffinities, and Geographical Distribution of the whohi 
table Kingdom; together with tho use of the more 
[•taut species in Medicine, the Arts, and rnrfil and 
Stic economy, by John Lindloy. Second edition, 
numerous additions and corrections, and ii. eoinplele 
f genera and their synonyms. London: LSlKi” (32, 
1837). A very brief notice of this work in the lirst 
of the volume for 1837 closes with tho words, “A. 
extended notice of the work may be expected in tho 
ng number of the Journal.” The extendi'd notice 
id to be a critical study of the work, signed by tins 
Is A. G. which later became so ffuniliar to readers 
2 Journal. Citation of a few of its sentences will 
ite the strong and quiet manner in wliich Dr. Griiy, 
at the outset, wrote his notices of books. In spcuik- 
f the second edition of Professor Lindloy ’s work, 
ys: 

is not necessary to state that a treatise of this ki?ul was 
f needed, or to allude to the peculiar qualific.ations of llio 
d and industrious author for tlie aecoinpli.slnruuit of tho 
r the high estimation in which the work is liold in l'lui' 0 ]u!. 
e may properly offer our testimony respecting Die gi'cait 
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and favorable influence whieli it has exerted upon the progress 
of botanical science in the United States. Great as the merits 
of the work undoubtedly ai’e, we must nevertheless be excused 
from adopting the terms of extravagant and sometimes equivocal 
eulogy employed by a popular author, who gravely informs his 
readers that no book, since printed Bibles were first sold in Paris 
by Dr. Faustus, ever excited so much surprise and wonder as 
did Dr, Torrey’s edition of Bindley 's Introduction to the Natural 
System of Botany. Now we can hardly believe that either the 
author or the American editor of the work referred to was ever 
in danger, as was honest Dr. Faustus, of being burned for witch- 
craft, neither do we find anything in its pages calculated to 
produce such astonishing effects, except, perhaps, upon the 
minds of those botanists, if such they may be called, who had 
never dreamed of any important changes in the science since the 
appearance of good Dr. Turton’s translation of the Species 
Plantarum, and who speak of Jussieu as a writer who has greatly 
improved the natural oi’ders of LinuEeus.” 

In the Journal for 1840 there Is _a large gronp of 
unsigned hook reviews under the heading, “Brief notices 
of recent Botanical works, especially those most inter- 
esting to the student of North American Botany.” The 
first of these short reviews deals with the second section 
of Part of Be Candolle’s “Prodromus.” In 1847 
the consideration of the “Prodromus” is resumed by 
the same autlior and the initials of A. G. are appended. 
This indicates that Dr. Gray was probably the writer of 
some of the unsigned hook-reviews which had appeared 
in the Journal between 1837 and 1840. Doubtless Silli- 
man availed himself of the assistance of his associates, 
Eli Ives and others, in New Haven, in the examination 
of current botanical literature, and it is extremely prob- 
able that he early secured help from young Dr. Gray, 
who had shown himself to be a keen critic as well as a 
pleasing writer. The notices of botanical works from 
1840 bear marks of having been from the same hand. 
They cover an extremely wide range of subjects. While 
they are good-tempered they are critical, and they had 
much to do with the development of botany, in this 
country, along safe lines. 

Gray as Editor. — Gray’s name as associate editor of 
the Journal appears in 1853. He had been a welcome 
contributor, as we have seen, for many years. His 



innuence upuxi. uie progress oi oorany in me uniieu 
States was largely due to his connection with the Journal. 
His reviews extended over a very wide range, and supple- 
mented to a remarkable degree his other educational 
work. It must be permitted to allude here to his sagacity 
as a writer of educational treatises. In his first ele- 
mentary text-book, published in 1836, ho expressed wholly 
original views in regard to certain phases of structure 
and function in plants, which became generally adopted 
at a later date. His Manual of Botany was constructed, 
and subsequent editions were kept, on a plan which made 
no appeal to those who wanted to work on lines of least 
resistance; in fact he had no patience with those who 
desired merely to ascertain the name of a plant. In the 
Jouimal he emphasizes the desirability of learning all the 
affinities of the plant under consideration. At a later 
period, when entirely new chapters had been opened in 
the life of plants, he sought by his contributions in the 
Journal to interest students in this wider outlook. 

Professor C. S. Sargent has selected with good judg- 
ment some of the more important scientific papers by 
Professor Gray and has re-published them in a con- 
venient form.^ Many of these papers were contributed 
to the Journal in the form of reviews. These reviews 
touch nearly every branch of the science of botany. As 
Sargent justly says, “Many of the reviews are filled with 
original and suggestive observations, and taken together, 
furnish the best account of the development of 
botanical literature during the last fifty years that has 
yet been written.” In these longer reviews in the 
J ournal, Gray was wont to take a book under review as 
affording an opportunity to illustrate some important 
subject, and many of the reviews are crowded with 
his expositions. For example, in his examination of 
vonMohl’s “Vegetable Cell” (15, 451, 1853) he takes up 
the whole subject of microscopic structure, so far as 
it was then understood, and he points out the probable 
errors of some of Mold’s contemporaries, showing what 
and how great were Mohl’s own contributions to his- 
tology. Such a review is a landmark in the science. The 
physiology of the cell and the nutrition of the plant were 
favorite topics with Professor Gray, and he brought 



mucb. or nis Knowledge m regard to them into such, a 
review as that of Boussingault (25, 120, 1858) on the 
“Influence of nitrates on the production of vegetable 
matter.” 

As a S 3 ''stematic botanist, Gray was naturall 5 '' much 
interested in the vexed question of nomenclature of 
plants. One of his most important communications to 
the Journal is his review, in the volume for 1883 ( 26 , 
417), of DeCandollc’s work on the subject. He deals 
with this strictly technical matter much as he did in a 
contribution to the Journal which he made in 1868 ( 46 , 
63). In both of these papers he states with clearness the 
general features of the code of nomenclature. He says 
explicitly that the code does not make, but rather 
declares, the common law of botanists. The treatment 
of the subject at his hands would rightly impress a gen- 
eral reader as showing a strong desire to have common 
sense applied to doubtful cases, instead of insisting’ on 
inflexible rules. For this reason, his I'ulo of practice was 
not always acceptable to those who were anxious to 
secure conformity to arbitrary rules at whatever cost. 
As he said in a paper published in the Journal in 1847 
( 3 , 302), “The difficulty of a reform increases with its 
necessity. It is much easier to state the evils than to 
relieve them; and the well-meant endeavors that have 
recently been made to this end, are, some of them, likely, 
if adopted, to make confusion worse confounded.” This 
feeling led him to be very conservative in the matter of 
reform in nomenclature. 

This subject of botanical nomenclature illustrates a 
method frequently employed by Professor Gray to elu- 
cidate a difficult matter. He would find in the treatise 
under review a text, or texts, on Avliieh he would build a 
treatise of his own, and in this way he made clear his own 
views relative to most of the important phases of botany. 
When he faced controverted matters, his attitude still 
remained judicial. While he was tolerant of opinions 
which clashed with his own, he was always severe upon 
charlatanism and impatient of inaccuracy. The pages 
of the Journal contain many severe criticisms at his 
hands, but an unprejudiced person would say that the 
severity is merited. 



oouiii biuitis, Liuwever, iiisieau oi reviewing a dook or an 
address, lie would follow the custom inaugurated early in 
the history of the Journal, of making copious extracts, 
and thus give to its readers an opportunity of examining 
materials which otherwise might not fall in their way. 

Gray’s contributions to the Journal comprise more 
than one thousand titles, without counting the memorial 
notices and the sliortor obituary notes. In these notices 
he sums up in a few well-chosen words the contributions 
made to botany by his contemporaries. Even in the few 
instances in which he felt obliged to note with disap- 
proval some of the Avork, he expressed himself with per- 
sonal friendliness. The necrology, as it appeared from 
month to month, ivas a labor of love. All of the longer 
memorial notices are what it is the fashion noAv-a-days 
to call appreciations, and these are so happily phrased 
that it Avould seem as if the Avriter in many a case asked 
himself, “Would my friend, about whom I am noAV writ- 
ing, make any change in this sketch ? ’ ’ 

Gray on Darwinism . — In October, 1859, DarAvin’s 
epoch-making Avork, “The Origin of Species,” AAms pub- 
lished. An early copy Avas sent to the editor of the Jour- 
nal, Professor James D. Dana. This arrived in Noav 
Havemon December 21, but it Avas preceded by a personal 
letter Avhich is of so much interest that it is here tran- 
scribed in full. It should be added that Dana was at this 
time in Europe where he Avas spending a year in the 
search for health after a serious nervous breakdoAvn. 
In his absence the book Avas noticed by Gray as stated 
below. The letter is, as folloAvs : 

Doavu, Bromley, Kent. 

Nov. 11th, 1859. 

My dear Sir, 

I have sent you a copy of my Book ( as yet only an abstract) on 
the Origin of Species. I know too well that the conclusion, at 
which I have arrived, will horrify you, but you will, I believe 
and hope, give me credit for at least an honest search after the 
truth. I hope that you will read my Book, straight through; 
otherwise from the great condensation it will be unintelligible. 
Do not, I pray, think me so presumptuous as to hope to convert 
you ; but if you can spare time to read it with care, and will then 
do what is far more important, keep the subject under my point 



of view for some little time occasionally before your mind, I have 
hopes that you will agree that more can be said in favour of the 
mutability of species, than is at first apparent. It took me many 
long years before I wholly gave up the common view of the sep- 
arate creation of each species. Believe me, with sincere respect 
and with cordial thanks for the many acts of scientific kindness 
which I have received from you, 

My dear Sir, 

Yours very sincerely, 

Charles Darwin. 

In March, 1860 (29, 153), Gray published in the Journal 
an elaborate and cautious review of Darwin’s work. He 
alluded to the absence of the chief editor of the Journal 
in the following words: 

^'Tlie duty of reviewing this volume in the American Journal 
of Science would naturally devolve upon the principal editor 
whose wide observation and profound knowledge of various 
departments of natural history, as well as of geology, particu- 
larly qualify him for the task. But he has been obliged to lay 
aside his pen to seek in. distant lauds the entire repose from 
scientific labor so essential to the restoration of Ills health, a 
eousummatiou devoutly to be wished and confidently to he 
expected. Interested as Mr. Dana would be in this volume, he 
could not bo expected to accept its doctrine. Views so idealistic 
as those upon which his ‘Thoughts upon Species’ are grounded, 
will not harmonij^c readily with a doctrine so thoroughly natur- 
alistic as that of Mr. Darwin . . . Between tlie doctrines of 
this volume and those of tho great naturalist whose name adorns 
the title-page of this Journal [Mr. Agassiz] the widest diver- 
gence appears. ’ ’ 

Gray then proceeds to contrast the two views of Dar- 
win and Agassiz, 'Hor this contrast brings out most 
prominently and sets in strongest light and shade the 
main features of the theory of the origination of species 
by means of Natural Selection.” Ho then states both 
sides with great fairness, and proceeds : 

“Who shall decide between such extreme views so ably main- 
tained on either hand, and say how much truth there may bo 
in each. The present reviewer has not the presumption to under- 
take such a task. Haying no prepossession in favor of natur- 
alistic theories, but struck with the eminent ability of Mr. 
Daiwin’s work, and charmed with its fairness, our humbler duty 
will be performed if, laying aside prejudice as much as we can, 



ouuuccu lu yiviny xiiir accuujit. OX iLs meiiloa ana argn- 
, offering Ly tlie way a few suggestions sucli as might occur 
ly naturalist of an inquiring mincL An editorial character 
bis article must in justice he disclaimed. The plural pro- 
. is employed not to give editorial weight, but to avoid even 
ippearance of egotism and also the circumlocution which 
.els a rigorous adherence to the impersonal style.” 

i this review he moves slowly and thoughtfully, but 
timidly, over the new paths. There is no clear indi- 
311 ill the review that he has yet made np his mind as 
he validity of Darwin hypothesis. But, in a sec- 
article appearing in the Journal for September of 
same year (30, 226), under the title Discussion 
men two readers of Darwin’s treatise on the origin 
oecies upon its natural theology” Gray plainly begins 
icline to take a very favorable view of the^Darwinian 
ry, and makes use of the following ingenious illus- 
ion to show that it is not inconsistent with theistic 
gn. A few paragraphs here quoted show the felicity 
is style in a controverted matter : 

ieeall a woman of a past generation and show her a web 
ioth ; ask her how it was made, and she will say that the 
or cotton was carded, spun, and woven by hand. When 
tell her it was not made by manual labor, that probably no 
is have touched the materials throughout the process, it is 
ible that she might at first regard your statement as tanta- 
nt to the assertion that the cloth was made without design, 
he did, she would not credit your statement. If you 
iiitly explained to her tlie tlieory of carding-macliines, spin- 
-jennies, and power-looms, would her reception of your 
anation weaken her conviction tliai; the cloth was the result 
esign? It is certain that she would believe in design as 
ly as before, and that this belief would be attended by a 
er conception and reverent admiration of a wisdom, skill, 
power greatly beyond anything she had previously conceived 
ible.” 

y tills review Gray disarmed hostility to such an 
mt that some persons who had been antagonistic to 
winism accepted it with only slight reservation, 
lay be fairly claimed that the Journal bore a leading 
t in influencing the views of naturalists in America 
egard to the Darwinian theory. 


severe test. In the Jonrnal for 1840 he had called atten- 
tion to the remarkable similarity which exists between 
the flora of Japan and a part of the temperate portion of 
North America. The first notice of this subject by him 
occurs in a short review of Dr. Zuccarini’s Flora 
Japoiiica,^’ a work based on material furnished by 
Dr. Siebold, who had long lived in Japan, In this 
review (39, 175, 1840), he enumerates certain plants com- 
mon to the two regions, and says, ^^It is interesting to 
remark how many of otir characteristic genera are repro- 
duced in Japan, not to speak of striking analogous 
forms. In a subsequent paper (28, 187, 1859), he recurs 
to this subject, and, after alluding to geological data fur- 
nished by J. D. Dana, he says : 

cannot resist the conclusion that the extant vegetable king- 
dom has a long and eventful history, and that the explanation 
of apparent anomalies in the geographical distinbution of species 
may be found in the various and pi’olonged climatic or other 
vicissitudes to which they have been subject in earlier times; 
that the oeenrrenee of certain species, formerly supposed to he 
peculiar to North America, in a remote or antipodal region, 
affords in itself no presumption that they were originated there, 
and that interchange of plants between eastern North America 
and eastern Asia is explicable upon the most natural and gener- 
ally received hypothesis (or at least offers no greater difficulty 
than does the arctic flora, the general homogeneousness of which 
round the world has always been thought compatible with local 
origin of the species) and is perhaps not more extensive than 
might be expected under the circumstances. That the inter- 
change has mainly taken place in high northern latitudes, and 
that the isothermal lines have in earlier times turned northward 
on our eastern and southward on our northwest coast, as they 
do now, are points which go far towards explaining wliy eastern 
North America, rather than Oregon and California, lias been 
mainly concerned in this interchange, and why the temperate 
interchange, even with Europe, has principally taken place 
through Asia.’’ 

This paper was communicated in 1859, on the eve of 
the publication of Darwin’s Origin of Species.” At a 
later date he applied the Darwinian theory to the possi- 
ble solution of the problem, and came to the conclusion 
that the two floras had a common origin in the Arctic 


CL. ^ <£'fi4yx^ 


h'l’oin “ T.Ilo and LuUers oi Charles Darwin” hy Franals Darwin. 

f 



JULtJj VllAX ^ J w --7 -- T.XXXV^XX 

•ecedecl it, and the descendants had made their way 
)wn different lines toward the soutli, the species vary- 
g under different climatic conditions, and thus exhib- 
lug similarity but not absolute identity of form. Before 
e American" Association for the Advaneomont of Sei- 
ice, in his Presidential address, in 1872, ho used the 
illowing language : 

“According to these views, as regards plants at least, the 
laptation to successive times and changed conditions lias been 
aintained, not by absolute renewals, bul'. by gradual modiliea- 
ms. I, for one, cannot doubt that the present existing species 
'6 the lineal successors of tliose that garnished the earth in the 
d time before them, and that they Avero as well adapted to 
eir surroundings then, as those whieh flourish ami bloom around 
1 are to their conditions now. Order and exquisite adaptation 
d not wait for man’s eomiug, nor Avere they ever stereotyped, 
rganic Nature — by Avhieh 1 iiu'au the system and totality of 
dug things, and their adai)lalion 1o eaili other and to the 
oi’ld— Avith all its apparent and indeisl real stability, should 
i likened, not to the ocean, wlucli varies only by tidal oscilla- 
ons from a fixed level to Avliieh it is always returning, but 
dher to a river, so vast tliat av(; can lunthcr discern its shores 
3r reach its sources, Avhose oiiAvard floAV is not less actual 
icause too slow to ho observwl by tlie (qjliemera! whicii hover 
rer its surface, or are borne upon its bosom.” 

Gray’s active interest in the Journal continued until 
le very end of his life, '^rhore wore mtiny critical 
oticcs from his pen in 1S87. Ilis last contribution to its 
ages Avas the botanical lumrnlogy, wliicli appotired post- 
umously in volume 35, of the third scries (1888). His 
annection Avith the Journal covered, tliorcforc, a period 
f more than a half a century of its life.” 

The changes that were Avrought in botany by the 
pplication of Darwinism wore far reaching. Attempts 
'ere promptly made to reconstruct tlic system of hotan- 
;al classification on the basis of dosciont. tl’ho more suc- 
cssful of those endeavors mot with Avolcomc, and now 
arm the groundwork of arrangement of families, genera, 
nd species, in the Herbaria in this counti'y, in the man- 
als of descriptive botany, and in the text-hooks of higher 
rade. This overturn did not talcc place imtil after 
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was impending. 

One of the most obvious changes was that which gave 
a high degree of prominence in American school treatises 
to the study of the lower instead of the higher or flower- 
ing plants, these latter being treated merely as members 
in a long series, and with scant consideration. But of 
late years, there has been a renewed popular interest in 
the pluenogamia, leading to a more thorough investiga- 
tion of local floras, and also to the examination of the 
relations of plants to their surroundings. The results 
of a large part of this technical work are published in 
strictly botanical periodicals and now-a-days seldom find 
a place in the pages of a general journal of science. 


Cryjifoffamtc Botany in the tToumal since 1S46, 

In glancing rapidly at the First Series it has been seen 
that a fair share of attention was early paid by the Jour- 
nal to the flowerless plants. So far as the means and 
methods of the time permitted, the ferns, mosses, lichens, 
and the larger algae and fungi of America were studied 
assiduously and important results were published, chiefly 
on the side of systematic botany. 

The Second Series comprises the years between 1846 
and 1871. In this series one finds that the range of' 
cryptogamic botany is much widened. Besides inter- 
esting book notices relative to these plants, there are a 
good many papers on the larger fungi, on the algae, and 
mosses. Here are contributions by Curtis, by Eavenel, 
by Bailey, and by Sullivant. The lichens are treated of 
in detail by Tuckerman, and there are some excellent 
translations by Dr. Engelmann of papers by Alexander 
Braun. Some of the destructive fungi are considered, as 
might well be the case in the period of the potato famine. 
It is in these years that one first finds the name of 
Daniel Cady Eaton, who later had so much to do with 
developing an interest in the subject of ferns in this 
country. He was a frequent contributor of critical 
notices. 

Cryptogamic Botany, as it is now understood, is a 
comparatively modern branch of science. The appli- 


aiUH's and iiio nun hods U)i’ iiivowti^’nlmg the move ohscuro 
groiipK, aiul (‘Hpi'ciully I'oi' rcivcmlinp: tlus sviticossive stafjfos 
ol tlu'ir (l(‘\'(>l(tpni('ul., wc.i’o inisut.i.si'iictoi’y until the lattor 
liall last c.i'utury. (I ray rc',(!o<>'niz(Kl this condition 

ol allaii's, and ajiprcc.ial.i'd tho iinportaaco of the now 
juolluuts and llu'. heller ai)pliane,(iS. T]ior(!l'oi‘o lio viewed 
wilh sal isl'ael ion tlu^ Itarsuit ol: these', studies abroad by 
one oT Ids students and iissistants, William G. Farlow. 
J)r. ,l''arlnw carried to liis studies under DerBary and 
olhers unusual powers of oleseu'vation and ^^'reait indus- 
try. I le siieedily liee.anue an ae.c.omi)lish(ul inv(!stiyator in 
c.ryp(o”:aniie. bolany and I'nriclu'd tliii science by notnblo 
discoverii's, oiui ol’ which to-day beuirs his name in botan- 
Icai lilt'ralure. On his ri'lnrn to tine United Htate.a, 
]'’arlow ('iilered at once, upon a snc.e.essrul carom; as an 
iuspiriujj; teacher and a rruitl’nl inve'.sl.ijj^ator. Ilo 
became a I'reiiueiit couti’ibutor to tlu\ Journal, keeepin'f its 
re'adei'H in touch wilh line niore, inipoi’lant additions to 
c.ryplii;vaniie. bolany. Ih' laid wisely chosc'U to dead with 
(he wlioli' Held, ami c.ons('(|iu'ntly lie has been able to pre- 
serve' n Ih'I.Ii'I' pi'rspi'e'.l ive Ilian is ki'])t by 1be I'xtre'uio 
spi'etialist. M'lii' f^ri'ati'r unnibi'r ol’ e'.ryi)tofi,'a,niic boteiuists 
ill (Ids country have; bi'e'U uneh'r Uroreisseir h’arlow’s 
jnstruction. 

iSi/u(i‘iiuitlc <(n<l <i rout'd Jiotanu of Late yeavit. 

M’lne usi'fulni'MH oC the' Jemrnal in elescriptivo systeunaUe 
bolany of p]iaii('ro,a:anis is shown not only by its neeceept- 
aue'e' ed’ llii' li'ailiu/.'; I’l'aluri'S ol’ Di'dandeille’s Uhyl.ot!;- 
raphy, whi'ri' ve-ry I'xai'l. nii'lhoels are' iiicnleeateiel, but by 
Die vi'cy aiiiiii'roiis e'oni ribiitions l)y Ue'reine) Wal.son auel 
ollii'i'M at Die' llarvarel Unh'i'rsit.y i ferbariuni, as weill as 
from ]irivale sysleiiialisls. It is in the pa.m'S of the 
Jeainial that one liails llii' rei'en'il of nine'll of Die eiritieial. 
wm-lc of 'I'lie'ki'niian anil of Mii,a;elmann, in inleri'stiiif^ 
I’hameroKfiniia. Of lain ye'ars the .hmrnal lias hail thee 
privi!ei.‘,’i' of piiblisldiia' a ^jood ili'al of Die cari'fnl work of 
Then Itohii, ill ihi' eliltu'idt fifroujis of Oyporace'U', and alset 
his aelmirabli' sluilie'S in Dk' niori)|iolo/j:y and the anatomy 
of ci'i'lain inli'ri'Hliay; jilanlH oi' ]ii;:i;lior orelers, 

AUe'ution was e'alleil, in passin/j, to Gray’s deep inter- 
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besides his contributions, one finds, among many others, 
such papers as LeConte’s “Floi-a of the Coast Islands of 
California in Relation to Eccent Changes of Physical 
Geography” (34, 457, 1887), and Sargent’s “Forests of 
Central Nevada” (17, 417, 1879). Examination reveals 
a surprising number of communications which bear indi- 
rectly upon this subject. 

JE* ale ontological Botany. 

"When the Journal began its career, the subject of fossil 
plants was very obscure. Brongniart’s papers, espe- 
cially the Journal translations, enabled the students in 
America to undertake the investigation of such fossils 
and the results were to a considerable extent published 
in the Journal. Since the subject belongs as much to 
geology as to botany, it finds its appropriate homo in the 
pages of the Journal. The recent papers on this topic 
show how great has been the advance in. methods and 
results since the early days of the Journal’s century. 
Under the care of George E. Wieland, the communica- 
tions and the bibliographical notices of paleontological 
treatises show the progress which he and others are mak- 
ing in this attractive field. 

Economic Botany, Plant Physiology, etc. 

At the outset, the Journal, as we have seen, devoted 
much attention to certain phases of economic botany, and, 
even down to the present, it has maintained its holcl upon 
the subject. The correspondence of Jerome Nickles from 
1853 to 1867 brought before its readers a vast number of 
valuable items which would not in any other way have 
been known to them. And the Journal dealt wisely with 
the scientific side of agriculture, under the hands of S. W. 
Johnson and J. IT. Gilbert, and others, placing it on its 
proper basis. This work was supplemented by Norton’s 
remarkable Avork in the chemistry of certain plants, the 
oat, for example, and certain plant-products. In fact it 
might be possible to construct from the pages of the 
Journal a fair synopsis of the important principles of 
agronomy. 
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liulirs whirli liail Iummi inanauraltMl and stiaiulahal i)y IIk! 
K'lrwiuiati lla'tu’y, siadi as Ilia arnss ri'Tlili/aHoii and 
la aliisr Tarl lli/.al inn of plaids, plaid nio\'ainaids, and 
K‘ dka, lad. Iliara liava Iummi a a’luul many spiadal (ami* 
uiiiiaalit>iis, simh as |)amlmm dii loxicily, riawmati im 
liadriaal ridaliims, and inni/alina, and \V. \\ Wilson oil 
[‘Spiral ion. 

MMiiTa am many broad philosophical (iimstions wliudi 
avt* I'tuuKl an appropi’ialo Imnio in (ln‘ Joinmat, sucli as 
MMu' 1‘lanl individual in ils ladation (o Iln‘ spi‘c.ii‘s’’ 
Ali'XaiKlor llraiin, ID, :!P7, ISha; 20, I SI, ISbo), 
lid ‘‘ddu* analo‘';y brlworn (ho niodo of roproduo,' 
on in plants and Iho altiM’indion of n:on(*ra( ions 
lisiTVt^d in stuiio radiala"* (.1, 0, llanat 10, iMI, ISnD). 
dviu lii thf‘.:o aro many oT Iho rolirclions which out' 
nds soaKorod lbr«>m*lnjul (ho [jacrs of (ho .bnirnal, 
roipandly in minor bonk milici‘S. Ac* niiyhl bo t‘\p(‘c(och 
omo a( I old ion ba:; boon paid lo Iho \ oi’y sp<‘t‘ial braindi of 
tUany which is stridly oallod modioab Mir example, 
arly in ils hi:dnry, Iho Journal pnhrnJiod a Ion*'; lri*atiso 
y I Wdlliam J'nlly (2, bn oii (ho (nvv<d <d' I'yo, 

'Ids is {snisidonsl fruin a stimolural as woll as from a. 
lotlical poini oT \ iow and is {h'oitliMlly alioad id' Iho I lino 
i whioli il was wrilloin 'Tln'ro an* a I’ow roforonoos lo 
oi^olablo poi: oils, ainl iliori’ is a rascinalinv; acemnd id* 

110 olVoof of (ho ooinmon wliilo ash on Iho aolivilios id' 
ho ralllosnako. In slmrl i( may ho ‘saiil lhal Iho odilor 

111 nmoh (mvarils maiding Iho Jt»urnal roatlablo as xvoll 
s slriidly si^ioidirn*. 

d'ho lisf id’ !'ovii‘Wors who havo hism pormiliod lo usi» 
in* par^fos of Iho .luiirual I'or nolioo ; of hnlanical and 
lliod hordm in roomd years is proliy loim:. (hio linds. Iho 
fulials of Wo'Jey lib ( ’oe, (Joiusn* r. (')iniom Arllinr h. 
h*an, Aloxamior \\\ hb ans, William (i. h'arlow, ( ioom.o 
f. (fooflahs Arlhiir I!. (ira\o:s llorhorl l*b (iri*c:or\% 
/ara\otfi* Ik Mmidid, Lon !«'. Itolb?:i‘!% Ihmjamin (i. Holuiu 
on, (lonrm^ If. W'iolaml, and ollmrs. 

A( Iho prosoid flmo, in Iho bioloyical scioni’os, as in 
vory tioparlmoul of Ihoindd , Ihoro is inssit spm’iali/nlion, 
md caidi Hpooialfy doinanilH ils own privulo nrican id' 


pnuiicauon. i\aiuraiiy mis nas lea xo a laiiing oiT in tne 
botanical communications to the Journal, but it cannot be 
forgotten that the history of North American Botany has 
been largely recorded in its pages. 


Notes, 

^ Scientific Papers of Asa Gray. Selected by Charles Sprague Sargent, 
Two volumes, Boston, 1S89 (see notice in vol. 38, 419, 1889), 

® A notice of Gray^s life and works is given by his life-long friend, J. B. 
Dana, in the Journal in 1888 (36, 181-203). 



